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35This poses the risk of unnet medical needs. Furthernore, it is known that
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The term "hGH pol ypepti de variants", as used herein, refers to pol ypeptides
fromthe sane species but differing froma reference hGH pol ypepti de.

Gener al | wodbfifiiessaces are limted so that the am no acipdTaroguenceso of the
reference and the variant are 30 closely simlar overall and, in many
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2984- 2988 which disclosure is hereby incorporated by reference inits
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The first nethg? éﬁhj%s on the process of evolution, In which nutations are
ei t her 30MSECBBERR BF P98 ed by natural selection. The second approach
uses genetic engineering to introduce am no acid changes at specific
posi ti onsnqf. I Lecti oF e 0 | | f uences

t hat mai n?gglcril@sf %ﬁé’ﬁﬁ%ﬁgﬁﬂ%@&g?ﬁ%é) gogg %g%ﬁég{eh%% rrggc?/néfé]ﬁ%%%%n %l}ogvt?%i ns are
sur pri si nhpymanglrelpigmhergin asa wcllawssiblsubeti nalyneptides. The aut hors furt her
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ancestral structure that the organi sns' ancestors had in comon. |nstead,
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resi due mayor may not be one encoded by the genetic code: or (ii) one in
whi ch one or nore of the am no acid residues includes a substituent group:
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"Isotonicity nodifiers" refer to conpounds which mnimze pain that can
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As used herein, the term "hGH polypeptide fragment” refers to any peptide or

polypeptide comprising a contiguous span of a part of the amino acid sequence of an



A branched PEG is a PEG nol ecul e consisting of a branching point connecting
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nol ecul ar art of
BS1 or rra%} e Qﬁogﬂ;%l ﬁe& é%rtug EPQ?HJH? ap res Cl'??(l ﬁge %% a”@%{z E‘ahﬁvp
br anchi ngSuhstanes with aBSQHSl%ﬁélﬁleé@rﬁm félefsprs ucesPEYAH | Wmﬁ@ﬁhemﬂw f1 3

pol yneg cb@drﬂﬁccﬁﬁ@etwﬁ@@&&les And NBatPERAbY Ba§iBNFdHEIRLE HONPS,I sRdlly byt he dry
corrp05|t|ﬁ$r P?é resent invention, e.g. 4, 5, 6, 7, or 8. 35 However
each furt H¥H° B@lﬂ? Y4%hai n has a nol ecul ar wei ght of at |east 4 kDa. The

total nunber of polynmer chains is [imted by the total weight of the

prodr ug C?Hé ﬁﬂ%%? gﬁmgd ﬁf surEB taﬂ%egg%kg?gr(o\@r&ﬁg%% trgrg_g I]Ql%an}_l{%ﬁlat t%e referred

enbodi nmen osition of
t he presefite nnwemnmlcalésr altyelgolytmcaﬂiyodfrgngiabimécleawb@ lll@@stphyaelqgﬂcaﬂ he

br anciy ngc&{oﬁﬁtﬁfsueaﬁeﬁlbuf@é%pmwzﬁeﬁoee)aw{tﬁ hgi. ﬁ@égr;alagagl YOR{ fobain 53
havi ng a nol ecul ar wei ght of at |east or. one S, 52 conprises a

of
third brafemme Sschav ftecasentdismbhe Ay tiesiart” |aa<ésfeVPe&h1@ hatsdisgtrer chai n
53 havi ngsymobmegdly.ar wei ght of at |east 4 kDa.

It is clear to the person skilled in the art that the hGH polymer prodrugs are covalent
35  conjugates, meaning that the hGH moiety is covalently attached to the polymer via the
reversible linker moiety.



The auto-cl eavage i nducing group Ga, which is necessary for the

aut o-cl eavage of La is conprised by one of the branching structures or

pol yner olei2ns0738340ptional ly, one of the branchi ng strecrwresiosernes as
group Ga so that the branching structure consists of Ga (instead of
conprising said group), which is also enconpassed by the term "conprising".
15Fi gur e Praférhbis] thatli@kers kenpiB@tiin thed GH polyesr phédrugslire Hral8essSthearBfyy, BS2

and BS3 u e Iy ol ol yrer prodrug. The preparation of a
prodrug c%ﬁ?@ﬁg{ele? IH’rjl‘l(l)lrltnsahg_(yfgr esults in a mxture of conjugates, where

several primary am no groups of hGH are conjugated resulting in 20

di fferent S{i%lbge ERNLAIRA ot dmgt's fah& E@t{‘éltl@r bé g{}ké{%‘ﬁﬂl aftlifid ﬁ{qufke or via

tri- COI’]] ugat e etc. rres on nonoconj ug ate | SCOI’]] ugat ed
or tr.%coﬁm@eﬂlwabi@-spp@@ Eh@d@ragsh@an%m@wéﬁde%dr ‘}fs§t)aﬁ4i‘6$’f dinked hods

known in pmnegrstofhmevlfémuumac@me@mgﬂ yaphy and the like. 25 In

nonoconj ugat es of hGH PEG pr odrugs e at | east three polyner chains S,
515 s2 contain a "polymer noiety", which is characterized by one or nore
repeati ngThaitesy polyrodr desgribes namdimobly, cdmpeded vofS ecpoatigy senctatal ngits

di stri but 8(911%1:‘[\'%% gﬂ éﬂe CaIt Q&f(ﬁt 1A e(ﬁsltl e pr 8?01{?8] y%ﬁch%ﬁ?:cggﬁsﬁ’& dSI S2_show

an end group, roup haV|ng
fromi0t od@ld@metlj@nww orr@ comhumwnettzerb@f twhacrit pad bo of 3pnthetisy ambnétglcaé g. a

net hyl gr g4gin &Sapé‘&hﬁh!lﬁ{oﬁ of bcREGT%ﬁéﬁ Qgidfyrfﬁér khal Hi%lercﬁ&%”\%élglﬂ dJft SO
call ed nPEGS. The term "PEG based" as “Understood herein is applied to a

pol ymer ofe3%iHli [Pt he nass proportion of PEGis at |east 10% by weight,
preferably at |east 25% and nore preferably at | east 50% based on t he

total weight of the | r chai t is 0|nt 0 that t oI nmer
ot ot oo DPms b pReRBRL s PR Dol b Subgonuts Wt 0w Boe”
furthEy cheihaetyldyd-osudibyli t plerspboylordhgiingt i nglrdgetsm tPHG- bwéathydgogﬂn ts and

I ti i whi ch
e not " cBARGaReq B8, EES T Do ARG R FINBE) SR ARE, &0
| east t hr pelyfsonigerr ch@lb’fﬁén@)af@iﬂes)sz @er}’(%ﬁm@abstﬁcﬂdﬁént spe§(apbedidewan 1000
Da_ol eculgt aupiraidesh T SBVRRIri! vy 3 %Hh@ ofoidS) | SpollBut§leht i cal

di st ance. a |sta ce de i nes rtest |s ance” bet ween t he

critic

at t achnentsraiUEIes. S tpa CtP’PFe“ fi rgquw g stPPh’ DEPeABEatcheasur ed
ars] cozmegpﬁgi(camefhisrlac@mﬂdes)gt poB estdre), Clpbty(ﬁhﬂfleﬁhs;t aptﬂﬂeﬁ@zﬁen&g\lyeélﬁ)em on
the residu tivit e u Cri

2000/ 133150V iR PYaRS, BRI oRy &3 BV R R RUAS TR b e

di st ance a@dspr ef er ptlithyllesgcthilan 503crytetee), pr ef eolryélwdr@sfstlwtmqamﬂm%)and nmost

referred he at |east t oha, and 52
ltoypl cal | ypéélggﬁ/d}%?lgﬁﬁcﬁ ;Et er connect i ngmngﬁlggmxs‘(,@lb% pra[eag}él%%nd%]) at | east
one of theolyfivéreaniapet i ng nonehpeslatesyr pol yiﬁ@g’ (hsEaxyeropy eezelgh), 50, t he
i nt e{ppnpggy(lﬂgndmmha&e Hs tl_@@lyﬂtaett}tc;t uaahs)el e'ﬁ?ﬂkla@t@@@@—@%ﬁcﬂﬁb t hacﬂa@jt Kﬁgg )
moi ety of fo nce ol ynmer i e W

For Sy thBOlp'{W%tE?%ﬁﬂ@éqq g m)l e?‘ﬁy néet %?Buc%luralpngf(@ﬁéwox% Heeking La
15and BS' poly(drganophosphbicngs)mopeioetho n&ytemmnqjogt(oxﬁzohn@) _J0ldbtoplleabai n,
whi ch n n t r d or
er m nat eB By hatag AR B0 ARt ShiaP gl By O BLENG, ol hSF EHRLS roup
consi sti ngol@(wn}dmethyg:them\]( IR))l}’(YI(lEIPleQ@dC@(eG))} N(lmpnew(oﬁ)lajp&)s carbemsthy,

car bogycl gg1u@fsefiet &5 @eXGhepyl WIRESR)IRcIRId R, hyqﬂhﬁﬁﬁ“ Ui sdnd, 20de§{r51¥§ Cha' n,
whi ch 1's opti.onal Iy I nterrupted or’ term nated. by one or nore of

abovenent ASHER-REHS: orGHEONS, @AdEn it ¢ NEFTVREVRS: a W9ERB8en I%fﬁt“i‘:ser ni nal
at om andrhﬂﬁﬁfogalactamaﬁéa%a&@h@ ll@dﬂﬁ%ﬂm sfaacﬂm hh&drokwdleylyétarchMaﬁwl

erbar 'egy'a%lﬁmﬁ%v%%ﬁaseﬁﬁob/neeas f?’ﬁere' F R R A T 7

cycl oal kyl" or "C3_10 cycl oal kyl ring" neans a cycllc al kyl chain having 3
to 1 ar Q 5] g at

| Qs 53 FREIALCTRG ) i@%gmogm%@g%o%%d FERORHRURY For ddis AELE0

cycl ohexybolully ppbymeskeeharact@ezce pylrefrapny MnltS:yS@lt@id@pylymeé%/mlabF@@ﬁg:llected

cycl odecykonbagh rcmfﬂéd?@ﬁﬁn%f)f Bol5NIRVBRY p¥lyntRE, BRAIITHc BEdaRIRARHRY a

substi tuent cycl oal k iQ, cycl Kyl rin al so
i ncl udes ﬂ}ere@ B’VBSY(I:I 53 q Yé

ortho esters

oljq %ep%W&ﬁﬁ%@ 0901 Béndsse, PO



"4 to 7 nmenbered heterocyclyl"” or "4 to 7 nmenbered heterocycle"” neans a
ring wth 35 4, 5, 6 or 7 ring atons that nmay contain up to the nmaxi num
nunber ofwgdaublm@3izends (aromati c or non-aromatic ring wecechpreeofosdy,
partially or un-saturated) wherein at |east one ring atomup to 4 ring
atons are replaced by a heteroatom selected fromthe group consisting of
sul fur (i p@llytuibdjlgltes5(1ﬁlyu,rethﬁ(e@,) §0Dyacr@ht)' %[ﬁsar}ﬂlyhlcty’la)gﬂls (pdtgzzidngzhlmg;, =N(0) -)
and wher e| 3| %n%ﬁtéx e 1&‘(%90 Os Senes P 11 xanes, ~ o 1n IVIrrah carbon or
ni trogen 8y %’ e p?% sgRY 3m? ﬁbgPéﬁ %é?%rog gv <P aYEt i di ne,
oxet ane, pﬁweﬁtaanecrylfatesaand p¢iycqb¢re nlerefqngerirart: @olypyqytmdyr mzéymﬁrm ckpzolnly
i m dazol i r i soxazo
g@lgetpgfeﬁ@ gﬂy%ol qu ViA&S cbhtgﬁtir” D e | S/OBgﬂ%ot 91§h{‘§ihy1b§ ﬁ:ﬁ&@uﬁ@s

i ne, thi 51 sot I'ne, thi adl azo

|l e, t hindi BPE Proferablat fttalﬁﬁﬁrﬂrzéf U v waightr SHPAmerhPEiEaNE, atplgast 0 i B,
|n1dazolrdkg@¢ pyrazolidi ne, oxazolidine, isoxazolidine, thiazolidine,

i sot hiazoli t hi adi azolidine, sulfo | ane, pyran, dihydropyran,
tetrahydropyran, i m dazol i di ne, pyridine, pyridazine, pyrazine, pyrimdine,
pi per azi né‘Copippsitivali mefersmor pinohtemeixturetof gzl e; nioré @kamicel sibistaazed. iAli ne,

10t etrazolj a | ered
heterobrchQEgaﬁ%ghLéﬁﬁ&ﬂﬁTHQ%%ggggdﬁhé?%ggﬁkgg&ﬁ§2ﬁ%ven%n&9 #Kgggeclrc
syst el of its erforf@sowr la BrOﬂmglﬁndrptgrramnﬁcalbmeqceptablel eagrehandiong at om
is shared.fyeRoth rings and that may contain up to the maxi mum nunber of
doubl e 15 bonds (aromatic or non-aromatic ring which is fully, partially or
un-saturated) wherein at |east one ring atomup to 6 ring atons are

repl aced bracoigiositidat amaseihecthe dGH pcrtyﬁlhe @amgazoe%sitehhmoofdeam fur

Wherein (HE %ﬂ% ing o FRAE o SINETT BPtal RECERinkedre DIE%th Bl or
nit rotﬁen bophlizéxen(iteese-fliging). Sudhodtjz]corrmm‘smoeabf rhté}}épollynmyq:)r@rag eaQﬁJ i ndo
le, indo lréstﬁal g/%%%ofulé 2of at?feﬂél%g | gphgn Z%Il%‘fé?é&g%‘g théh s@egfd $Rr¥azo e,

benzot hi azo enzi sot |azo enzrnt enzi m dazo |1 ne, quino

line, qui PEesesably ess tltnnr%/er(mnne@oacpowg tqukarbFisehes). The Ryederesumnetdpd ne,

t et rahydr gagyi 1sN9op ﬁmhﬁdr%hﬂaea cBRpodiBOAUINBhs! thiethe heFRPYRTRr | SOqui no
i ne, tetra$ droi so gui no I drhéugorsoqur ollnee?genzaze pi urine or

pt eri di nePTORHE FUPRASEIONGVES i 9 b b S0Pl HHBIRGEPe oy patsr it icligs Spiro
st ruc2qr eby @ieahyvof Fddagad bliekﬁll‘é. "Flnﬂte@?ﬁﬁtoﬁog}ammolt @E(élu&] d(&hamel dryibg i dged
heterocycues I (§ aza- | I.C ﬁk?rnl %8gtane 1 ﬁﬂcar &JeIIthlrocycle
and het er OB Vb nﬁ? 1B §P‘ ut'ed C1Po8" & %t SR |n?errupted
or ternin&méﬁwbynm%n@ro atons or functronal groups selected 30 fromthe
group consisting of -0-; -S; N(R); C(0); C(O)N(R); N(R)C(0), wherein Ris
hydrogen or a Cl 10,alkyl charn which is optionally interrupted or

t er mi nat edL¥phaKEtR (fisezc-diyinends aHelieion Maeys.shafstcaredb Eﬁezmgml ch

furthgg h @51tM£1ﬂ%8n @&iubﬁffgr’fh@&lmﬁﬁl@fﬂ I?résEhe fal Mﬁ@dnanpl £idnOheat he at
| east three hai.ns rmthe. ng

br of er abl > 0% BESOBoRH Ak HOTRSTI e e rct@a%ﬂméﬁarﬁld Hge

pr ef er r edtoagas| Egstal§5thigsubivesd watce iswolitard by dasublimatson.97. 5 % even nore
preferred at | east 99 % Thus, the basis of the chains is represented by
the polyner noiety. Preferably, the at least three chains S, Si, S2 are

i ndependeiR¢opnigivaen omeanspbt padition of ediqued fa brmg hackghe @plgmah &irgt ohy of

pol yadky !l Qavp R@ioh T8l asYBluipani ¢ aci d and derivatives thereof, polyvinyl

al cohol s, ?yoxazo I 1 nes, pol yanhydrides, poly(ortho esters),

polycarbonates polyurethanes pol yacrylic acids, polyacrylam des,

SDFI yacr ?/i aéceﬁstrtaﬁmnanﬁtaﬁr%atm thO tlyraﬁgae@ mtee@mﬁtae&, cﬂ‘?b}éﬁipbfmﬁaﬂgis .
pol yvi ny I ano ster eferably, e
at | east E@'Ii YHL“ ro pr§§ ém §rea OBﬁO ?E%“%'gr?eneﬁaltmorfr Preferably,

t he at Ieast three chains 50 Si, S2 are based on pol yal kyoxy pol yners.
10Ev nor. 1 t b | y-et hyl ene
ol yco bas? H{a.ﬁ]? F8hs Jﬁg Bhtal nee? H}Eltq e Q}ﬁlgélﬁfgleggfodg% @g&sfetfblg,lg
accordrngPmeH%@a@ﬁamthN@@ﬁpmﬂh@@mwﬂbﬁ@ﬁchrng structure BS1, so that Si is
linked to S. For the 15 |inkage of S2 the branching structure BS1 may be
used or a further branching structure B52 is present, which may be a part S
or Si. Accordingly, further branching structures nmay be present, when
further chains are present. For exanple in case a chain 53 is present it
may be linked to BS1, B52 or a branching structure B53. The branching
structure B53, if present, may be parw of s, Si, or 52 . 20 In general any
chem cal entity, which allows the branching of a chain, nay be used.
Preferably, the branching structures are independently selected fromthe
group. consrstrng of at Ieast 3- foId substrtuted carbocycle at Ieast 3-fold

e . . oy .



25atom wherein the terns carbocycle and heterocycle are defined as

i ndi cated above. In publications in the field of auto-cleavage inducing
groups arwo0nmt7sazes called |inkers to discrimnate theipcTgrPemoee7eo from
the carrier. Nevertheless it is often difficult to clearly separate these
structural features. Therefore, within the neaning of the 30present

i nventi 0n“$tbble’¢|aﬁa\/a’gterhtjﬁdu&htm thgit ovifhik3ahe iirsdica0as stdesgedirhe the ppignder of t he

sna opt rRRRS % ShieiRRonTap PhivERles B swbstmry feneand s¥ie ¢ ne
engi neer i agy a@ﬁentélthie pnmruetty mecsﬁlofretldﬁmgs@l fragHeald riy poroplered emblsf the
correspongdy s?t?cfnr &cﬁﬁaﬂéé rs%' %th@n%rﬂrl%aﬁe@ﬁrﬁﬁénd %@ ﬂl‘i’ﬂé oyssed

above, a PE ru ereln for exa
describedh ﬁ%l@f@ﬁtmwﬁr%awwsv@sw@oa@ﬁmwﬁsan arﬁeafﬂ%ata @ﬁa@tm eristic

01;] rel egSASNMZIO Cihd AINENEdBarflide6s, Dol agEThf oklcﬁitlﬁheampﬂﬁtlésyma@gbw EﬂhOUt

t he product c aromati c conpounds n t roadl y
doschi beddiHTirDds tREHEPF R PEAE BoF FapPanE S PEH PRk HEURHR, ur s t o
get a rel encandf riel eals&ppndlﬁglmrmfdlﬁm erypsit . pdptideraridr dlosi entouhisiikeny
structure e r ihed i . & 0ot her

51 osyst ent” BrirE B BRI QnakY B3Ry B5BoeT o8 B GB Bbe boovee.

VWO A Tboepeiaaly IMcgrvmrAtl@ooH)“/@.smemO& wraferablyansi gieatet ithanedstneact ur es
are broadly,dgperibed in e.g. WO-A 99/30727 (Enzon Inc). In order to solve
t he present problenms for GH as discussed herein, the present 10 inventors

have sel ected suitable preferred transient Ilnker structures to get the

herein desméb?@dn’refr@uargt rdfétnas itknatu nhqtselﬁﬂﬂl&ﬁﬁ@c{ phhenddaddiREG LAY ed
prodrug. Bas on the eta tion of preferred |linker

h
D Poer S BERETHRM o ATt e Ofaéﬁf‘iﬁﬁ HTSS o make of her sui tabl e

prefetf¥ed transient linker structures that could give an rhGH PEGyl at ed

prodrug Wfﬁbr%ft%ﬁtig?ﬁfge.f?ecﬁgé %Hoﬁﬁtdn &l % ﬁ%ncidﬁ?%ﬁﬁﬁ% cﬁ%&%eﬁﬂév?afﬁe of®

Especi al 1y, ranS|ent er structures
hydr ol ysabiréiallygrest 1ceclinigsl epnifestations eho gwsn discaserrpdrils soamiieHianatAn S, The

herein Sehﬁ@ﬁrﬁ%qu&!f@fo Scbhplith 8%s AR de$ad 'aed éLﬁlcQE§7 aftkcthel @ungOl n or der
to |ntrod§§e hydr ol yt i Iabhllt |nt@ functlon&F groups % sqﬁh as am des or
car barmat eSTCFHVE; QNS duaFarh: TR Wek HRSPF A% HiEatcvERgn e dssoREnts into
t he c&0ri @fjuryras retiess th@wfalghﬁhncbgbnefaﬂ)I’statd’l@ﬂth@@lﬁ)Jec&SIt nell pbhadérstogd grapups i n
proximty ,to t.he functlona roup, aﬁ%¢ aut c .eavage- |ndu0|q9mche cal

st r uct ur eSEHYP G PPIORH) ro sgrapey BeA st Gre g TS PAE"PFO ug” ani de
bond are temstredinui oatheelajesianddeiting dgegupsntsin hetrogtisavhigh-is alduci ng

groups cap;fiavee %r&hﬁ%{%};lﬁf 51929 Eraﬁ)l@d &3@95151% hlr?%gr£5%§ bt mE\"eIgc'lo\ﬁe n

functional group La erred sel ecte romt roup consr sting of
C(0)-0-, Histrpepiaplly siffcere powRRY %@é%h@r ages thak apm iterechicugrithssangpbep of hGH

a carpRNBEECQ ol gLl AURriod b TS, i.c2 fEOIMRRSAdyk @R 1&gel,NBr Piseedbné Nvent i on
IS preferre%ﬁthereln La is selected fromthe group consisting of C(0)-0-,

and O(0) - WeRhPCR ¥ ¥r¥St oget her with the prinmary anino group of hGH a
carbamate or amide group resulting in formula (AAl) or (AA2) 35

hGH NH %fo ”(oAl\?)uffg}l(I?ﬁ_ ag%tqr?%rs%o(:ﬁ‘%%%cal C eou];18i 4h91 Afhais (’Eﬁe g?ﬁn XVI o 1ist

vari ous struc%%ral on as cleavage- T cing groups
Ga. The gdmrpdmlgeeﬁhm@nglgalébntqi@ta@dlwéfwg@m f@@i@aarnglegmﬂmpn pBasphaic, be

presefy ag,cHaR, 5h19'id1§§ &c%%ﬁ@c&’e cﬁ‘f‘ﬁé)(élnﬁaé(c%ga@e' &ﬁb’ﬁdt@gnﬁfa%lpehlmech i's
unnasked to beconme efféctive ans of an ad dltlonal hydrol ytical or

enzymat i cPYMEGagBlagidepuch g5 %a@lé)zpv@m 3 18y B¢ elRo upqd. By m& C%mélty
rate-|im flahGe adfuelay € laycsitbe &dnditddns EXROFIneSivE @ pl@@tabﬂlﬁy

“Excipients” refers to compounds administered together with the therapeutic agent,
35 for example, buffering agents, isotonicity modifiers, preservatives, stabilizers, anti-
adsorption agents, oxidation protection agents, or other auxiliary agents. However, in

some cases, one excipient may have dual or triple functions.

11



AJ. Garman et al. (A J. Garman, S.B. Kalindjan, FEBS Lett. 1987, 223 (2),
361- 365 1987) used PEG5000-nal ei ¢ anhydride for the reversible nodification
of am no WwoQup78134t i Ssue-type pl asm nogen acti vator an@CumEPEI0A6E10
Regenerati on of functional enzyne from PEG uPA conjugate upon incubation at
pH 7.4 buffer by cl eavage of the 15mal eam c acid |inkeage followed first
order ki nat Vlgspratctctane! Bad fnolldcie which, Hhbn c8inl’n5nied \aﬂlmmaprbtelmfeﬁtbﬁ& may

i nfer labiil Iilitf%aﬁt? aeconqn%Ctre &l eamnl%‘t taﬁor h 1ca1 1nslﬁ)ﬂ‘25%§éh ke iy nstance,
subst i t ut S8 OF s BSETHT Of S Her U STERT nadrss) PRy PSS Y et% il ze
car bamat eupdmitygresint gengel iaod @sltﬂcwal&tdwmgamnlszarunn angrsobyeggerdpprragch 20
(Tsubery (094) re
attached tE%e@al? Ty] %ﬁgﬁk m)sln‘iel%ﬁ]%e sag\féASI%g]a%%él%?g%gImhﬁg& %Hﬁfll(g%g\rq@ar omati c
ring ot fFusSr ahynqnes umdgwa}tfy Qft isiddieg Qro IR HEWKYEMINP S¥GnaP gr oup

La. 25 Acsaaﬁb nlgbﬁfopla sEIBNGeE ki hABn@furh Ig@lfaéqﬁ)eym m‘m@&mmﬂc%rmﬁ%&er red,
wher ei n to a

omatic, ri or fI
car bannt SO ATBREY o ol PR nga ol LTEFO T MBI P o b oRuy 80D of her
30 Al t er natahwigdly, ethylamsfgiwmlt i popekenaglyayl; i palyethylaneroglgcelt aplur@acs; angenent
ithin S nder s La
i S PRI ot e B S N A ARG AP ender s |
the rlle-1imting step in the cascade mechani sm Ideally, the cleavage rate

of the t epRALAFLY, 4 BBt Qed"hio%hlet@hlkﬂewﬂéhsb&rﬁﬁné&'W%S@ o of Or the
drug nol ecule inh a _given therapeutjc scenario. cascgﬂe system

based on MiGCY ?l&illﬁa%mlynpremnt$ 8r H@&‘F?Sa%]eé“%éfld/toh@ﬁﬁﬁl‘@a\}%@ﬂ&ﬁ’ qf

subst ant i ptoltain lu@sﬁ aimy‘na@e@ganaﬁlt &id bgpemha_xbldhhh 1%&11&@&@1 afidl Waladqipsnt
transformattlon % e-li.mting

cl eavage RPHER) B dudiTy fE AT SR ] 5 skrhre N BT hout ¢ he
r equi Tenematid§ euchaddintanosaliure ngytaataiec or hoitlmeb mdtipiammessddr as betuw; d t he

dr awback i i th ' . i ' d ab

R B or oohouP e e Rt b A R DBk oA S g e L M ae ez,
K. 5 Shuntlegholgag, glycervegrytimiiem glyawolp arabjtol, ekl 3g6hit, P@meapé

Appl i cat i gyl Asl9 &113%¥@p7y1aesgrylcaedpoaya§§1a9@@1my f)Rl"rOIﬁé/sntlliBQﬁb

pon(ethern eg rodru no-‘cont.ai’ni n nDIecuIe conpounds
based on §afhcHF: gl rB@ff‘i %f?*}ﬁﬂ?g‘{ﬂewco 1@%1°§Sg‘ﬁbqggach the anino group

of th&0 drug rml ecul e is linked via a carbamate group to a PEGyI ated benzyl
noiety. T et ene al 0 attached to 1; e,henz roup by
ester, cajrfﬁ% Yo(tecéar baﬂaffeqamg d%?ﬁl%e OGSt R PR easetthCOE'é&“g dm the
dr ug ol eb@fb@ the durisg sthp,ovlgbh meawrthatn liosmnoiyoplutisttipdradtlyspreteanth tbazymat i ¢
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I eh e aPorasery by re el sag cﬁfoﬁﬁ’@ T e PP Galin A gl kg

el imnati EﬁﬁamsrmsSphxsmabrané ahesdabality oangk drfcerdy W&nebmbﬂ@atm ¥t hyl ene
15 glyzxol };toﬁl%@j ugat es of prot e| ns (S. Lee, R B. Geenwald et al. Bioconj.
Chem 2001, I2 (2), 163-169). Lysozyne was used as nodel protein because it
| oses its activity when PEGyl ation takes place on the epsilon-am no group
of | ysi ne“Seficdmesrefdvarto wetsing agantd thaolbwPEGBe surfkertensioreofcolijuidat ed to t he
protein. Regeneration of native protei n fromthe PEG conjugates occurred in
rat plasma or in non-physiol ogical pH 20 buffer. See also F.MH.
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cl eavage of said group is induced by a hydroxyl” or amno group of Ga via
1,4- or 1,6 benzyl elimnation of S, wherein Ga 25contains ester,

car bonat eThe aalaarramhzas” ageetobedifisoudb atsed nﬁletagﬂlzreaﬂle q;idlffhéﬂ p@drug.

transfor In.e cl eay, of f

accor di oo B afRud g g Raliheols frontarsi-Fiins 3Ry, duner ei n
La fornms tHottlsatiombf thetdhpataretd stategoobip dméct Ib@dnag cofaaxb@nmﬂtsetofthmpﬂotemmal group,
the cieavage of 30 said group is induced by a hydroxyl or amno group of Ga
via 1,4- or 1,6 benzyl elimnation of S, wherein Ga contains ester,

car bonat e'AptieBsnrpiias, agantnfafers beneaintn danieed eragoionist srfactents aig other

transfor Edt&ﬂs 01%11[’@&’%&1 QA ﬁe&t&@&&%ﬂ@ds@k@@&rﬁﬂ&nﬁ%@tt@%é Patr herepabl ed by
corrponent Siﬁgl Ga that 35 are conposed of a stru Iéiural conbi nat i on

r epr esent Phifict &P PR eson[aEd- BrsSR PaeIralionh R P & IF Pt d8e 3Nt ai n
addi tional tenporary |inkages such as an am de, ester or a carbamate. The
stability or susceptibility to hydrolysis of the precursor's tenporary

| i nkage (e.g. carbamate) may be govermed by autohydrol ytic properties or

may require the activity of an enzyne. Antczak et al. (Bioorg Med Chem 9
(2001) 2843-48) describe a reagent which forns



5 the basis for a macronol ecul ar cascade prodrug system for

am ne-contai ning drug nol ecules. In this approach an anti body serves as the
carrier, woball7e2shond connects the anti body to an acti watrippgo1gneary
carrying a cl eavabl e maski ng group. Upon renoval of the ester-Iinked
maski ng group, La cleaves and rel eases the drug conmpound. 10 D. Shabat et
al . (Chenon Huy eff&t t€004yvoilidd babRPiABB4) mdesiaydrid sarfpahiytnie fopidadituge syst em
based on a.m rédell (%%%6 ﬁ atlng group. In this systemthe masking group
is |inked 10 the a g group by a carbamate bond. The activating group
IS conjugated pernanently to a ponacryIanlde pol ymer via an am de bond.
After 15 gl défﬁoﬂ t&ftloﬁ Vh%eﬁl@ﬁf B9 @ ABx nt@ sﬁ@ﬁ %L BéEéo?blenﬂtcicPQG%inet he

maski n group IS eave |zat|on an IS rel ease

acti vat i nglugatiape.i @etéltanrre cremepelcrcee trnempowaethylrealmlae (BEDy rmpyéf t er
drug rel egsifute, Miitathin LIEE clRilatitlg. aE@SC Kiidhe afLRBAW. aclh D TROQdxaphbSphale/ 07- 17
10) a sim,l.ar prodr 20 systentbased on a mandelic acid activating group
and an eslﬁﬂgY‘h%éﬁ%haskrng group. Nevertheless in these linkers a
1,6-elimnation step still generates a highly reactive aromatic
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t he pol ynmer carrier G 8actions Wt OXI C of 1 nmmunogeni c
ef f ect® naycrberg@em@e,cﬁuclzgs b;ce@rﬁtwatn@l grasty, prcpormans o1] deSOBOVITIses.

pol y(ethyl ene glycol) drug delivery system of am no-contai ni ng prodrugs
based on trrneth |. 1 ock lactonization (R B. Geenwald et al. J. Med. Chem
2000, 43(3h amrseﬁuneaﬁly WPPARI] GBPHY)I0 NAOTPSE 2BY SYFIRINS §RY eniddithe i t ut ed
0- hydr oxy phghydoed hmeltltvffe% ARhOR eff@tivendss o€ eeicidgical amnﬁ ofteuRsvef 30
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releae is the enzymatic cl eavage of these functional groups followed by

fast amd %ﬁg\é%ﬁtaﬂ%]{" ﬁ%ﬁ%&h&@é Q&talk%}%@ R)ts ' sé[&h%/ra&gﬁéc} iis agx%gﬁﬂ"e si de

product . recent eenwa
Med. Chem aicomg ngpas v&@angehgtwaes&teméﬂddeamde prsuiframg 1@9@ﬂ%ﬁh€t@§e@ton
bi s- (N- 2- ygdrecoxyet hyl ) gl ycin am de (bicin amde) linker. In this systemtwo
PEG nol ecul es are linked to a bicin nolecule coupled to an am no group of
the drug nolecule. The first two steps in prodrug activation is the
enzynzl i cTht edloage: adctibny desRiHs tho besetésventibh frefuehtr ddtaikages bet ween PEG
and bicin are described resulting in different prodrug activation kinetics.
The mai n di sadvantage of this systemis the slom1hydrolysis rate of bicin
ani de conjugated to the drug nol ecule (t112 = 3 h in phosphate buffer)
resul ting e C i f r t hat
may shom/gh€ &Hﬁmgnkﬁgrﬁggg e??% gﬁ afﬁg%gplﬁgﬁy rope |é§gfhan t he
parent drBg %‘PlecfrhpéhGWmOé’f%f‘pdﬂé@ e?alrlqut éﬂnelrar avBib{3) La and Ga with
specifg c spacer noieties for S are described below. A preferred structure
accordi ng A 2005/ 0 68 is selected fromthe general fornula (1) and
(rr): Qﬁgkéﬁﬁifﬁgtheszggbrnulae T represents hGH+ NH, X represents a
spacer noiety; Yi and Y2 each independently represent 0, S or NR6; Y3 and
Y5 |ndepend1%%{y of each other represent 0 or S; Y4 represents 0, NR6 or
C(R?)(R8) and R3 20 independently of each other represent a noiety
sel ected fromthe group consisting of hydrogen, substituted or
unsubgg i t yties J Lpeagsercpiygnehed or cyclical alkyl or heteroal kyl groups,
aryls, substituted aryls,” substituted or unsubstituted heteroaryls, cyano
groups, nitro groups, hal ogens, carboxy groups, carboxyal kyl groups,
aIkyIcarbﬁﬁﬂk}g{gu@ﬁagﬁmqagbgmaﬁMd@alkyI groups; R4 represents a noiety
selected fromthe group consisting 25 of hydrogen, substituted or
unsubstituted |inear, branched or cyclical alkyls or heteroal kyls, aryls,
subst it ut ecthak yi$ 8, ﬁmcthmal protupdL o whicts shsdfi bydrelysdbdt érwarcichyatde)dlst at ut ed or
unsu it aD yclical al koxys, substituted or
unsug§%|tﬁpgﬁk%kﬁgg&duﬁﬁéﬁﬁﬂgg}o%cﬁyclrcal het er oal kyl oxys, aryl oxys or
het er oaryl oxys, cyano groups and hal ogens; R7 and R8 are each independently

sel ected gic‘ﬁrﬂotlbﬁldéﬁénﬁéﬁ'ﬂpa ﬁ@l@ﬁie% EhRE hNinY HAGL b g%;to'ffa%%@ 5%Da,

unsubstituted. | |near, or. cyclical alkyl]s a eteroal kyl s, aryls,
subst i t ut ¥ er&rry’ﬁsls %lsgtl % W@@gteérbyu%%m& th éfd'leﬁ%t MAPYAng ¥ECHBRyal kyl
groups, al kyl carbonyl groups, carboxam doal kyl groups, cyano groups, and
hal ogens; R6 represents a group selected from hydrogen, substituted or
unsubstituted linear, branched or cyci3ical alkyls or heteroal kyls, aryls,
substituted aryls and substituted or unsubstituted heteroaryls; Rl
represents the rest of SO Wrepresents a group selected from substituted
or unsubstrtuted I|near branched or 5 cyclical alkyls, aryIs substituted
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10 Wthin the neaning of the present invention, the group La is represented
by Y3- C(Y5)NH (together with the am no group of hGH), Ga is represented
by Nu- W Yo 20(1Xi73262 and Ar(R4)"-C(R3) XR1 represents S, Wwirapr2010069780
includes at least Si, S2, BS1 and optionally BS2. 15In an alternative
enbodi nment Sr IS attached via Ar or represents R3. Then the carbon atom

adj acent BS ,YBe atileasti firitt i@dnohiiidhstXRiurt G’ eeﬁtphslnghe abrl@asctacagd pbiyueture BSi ,

Si |ster ed with Ar [i.Si |den at b

S ors: Ler B OEel b R SRR o b RRIEIL B L e
(AA) or (BAfiythsr cempfiseh mlnmmta-C(eaMgB)mélh@lg groslg G'windrwehanein rthd oohghlar ( AAAL)
Ga has t h@ze@%ﬁﬂﬁ Iﬁéd?g%ﬁﬁgag VARRViheh G- I@l"@s ata}%as%@’)kDa a0 dtSn 'i‘

al kyl ene ch avin car bon at ons, is optionally
i nt er rupt £60GbkDe, etrrﬁter?&tséat tsystéé&%% arrréortemgrtoi%@w&%@oar prrétrélrlwt ons

Sel gct tét(dotdaamotma G PEPMEQ SO KD N Gv@f meRt prefeadbly asubs B0tk Lchdnatsocycl e;

group coni%%?ﬁ?rgevét nt%?gﬁwger%ily %t%ﬁ(ﬁ ﬁ@%?mébﬁ?ydﬂfﬁﬂ ;Caﬁda}c rk;lme'rtgechai n

having from1 to 200 carbon atons, which is optionally interrupted or

et o e 08 PR WP PSP wDCRET001 P g 56 B ET e

NH, 50T, Ewnoemeenql@(l@f) )1m2(u@H2c) af] a2 aHRy. Q@@B@llym tete hPB@dhachwilk be

i ndependepil MlaQQOO@kﬁgePrefér% thQPE@ 159@15 ﬁ%t M kDg ah@gﬁlﬁﬁ@ﬂ%@tﬁﬂa 0, 1, 2,
3, 4, 5, 6, 8, .and n2 S2, are indepen zﬁtly hydrogen

or (C(0))¢ sz‘elerﬂel)e @e@a@ 5@@%@% %@r%trroaa?ér«? @4’§VFIhH@5%HE? by agn

|8 nt eggr f2 fe@sn 300D 4 @ncEQthoﬁaQb ki, e$enl mdemefwbt Nt Rast 40 Sk%)a ahd é’fﬁ’n&f[ ﬁ 7,0r
an n I ov ast IS other than

0 qind 1218, e mgPL VbR LR 3D KBS PRS0 5 53 1o other

heterlﬁ;ycl e rreans a heterocycl e as defined above Optional substituents

ar e, | S

br anc hed or %¥ g%\@k%%ggaﬁl% {Hrﬁl%hné}tavrr 1%1813% atrn(gﬁt@lj(i)ﬁ egé%%iaﬁgg#ggﬁ%gef ons, oOr

hal ogen. 'mqbpeﬂep@lea tlgmmersvtmdetg ep én PEG modwigmeriogenjugitefell abl v,

Ga. in f%@tdtaﬁcﬁeﬁ%a)cohan@%@éas& @Hanﬁm RadelsT RSk ttha! o&ta{n%éﬁt{ge &ht, formul a

) as shown bel ow,. wherein RI, a iven bel ow.
() such as mn a 1sconJeugate the correspon 1ng B]gG n tLe h%ﬂ i’ﬁ% proaru may be
20  branched or linear. Bisconjugates may contain linear or branched PEG or may contain
a mixture of one linear and one branched PEG chain. In case a branched PEG chain is

used, there may be one or more branching units.

A branched PEG is a PEG molecule consisting of a branching point connecting two or
25 more PEG chains, to form a molecule with one anchoring point for attachment to
growth hormone. This could be two 20 kDa PEG chains joined to form one branched
40 kDa PEG molecule. In the case where the molecule contains two or three

branching points, the molecule is referred to 3 and 4 armed PEG, respectively.

30 In summary and within the restrictions mentioned above, the PEG polymer is not
limited to a particular structure and can be linear, branched, or multi-armed (e.g.
forked PEG or PEG attached to a polyol core), dendritic, or with degradable linkers.

The PEGylation to native human GH may occur on several lysine groups or on the N-
35 terminal amine (F1) as well described by Clark et al. (reference 2 herein) on page
21973 table III. Highly reactive are positions F1 and LYS-140. Moderately reactive
positions are LYS-115, LYS-38, and LYS-70. Poorly reactive are positions LYS-172,

14



30 Another preferred enbodi nent is described in WO06136586A2. Accordi ngly,
the followi ng structures are preferred: WD 2011/073234 R2 R3 R7 R5 R6
R4 0 || RECOLBERAOINLO69710 T Or O R12 R8 PCT/EP2010/069710

LYS-41, LYS-158 and LYS-168. However, PEGylation may occur at any lysine

residues of GH and/or at the N-terminal amine.

The thGH polymer prodrugs of the dry compositions of the present invention are

5 preferably PEGylated at one or more of the lysines selected from the group consisting
of Lys158, Lys145, Lys38, Lys140 and Lys70. More preferably, PEGylation of the
hGH moiety occurs mainly at positions Lys158, Lys145, Lys38 and Lys140, even
more preferably mainly at positions Lys158, Lys145 and Lys38.

10  Preferably, at least 30% of all growth hormone moicties of the composition of the

present invention are PEGylated at position Lys158.

In this context, the phrase “PEGylation occurs mainly at position LysX” means that at
least 10% of all rhGH moieties of the thGH polymer prodrugs are PEGylated at

15  amino acid position X.

In more general terms the PEG used herein in combination with a transient linker may
reduce the risk of lipoatrophy by suitable choice of said polymer. However the
principles of the present invention also apply to polymers other than PEG. Thus the

20  term PEG is only used herein exemplary for suitable polymers.

Thus, in a preferred embodiment, hGH PEG prodrug is a monoconjugate conjugated
with one of its primary amino groups to an auto-cleavable functional group L* to a
polymer chain S°. This polymer chain S° has a molecular weight of at least 5 kDa and
25  comprises at least one branching structure BS'. The branching structure BS'

comprises a second polymer chain S', which has a molecular weight of at least 4 kDa.

As outlined above, at least a third polymer chain S* is required to have a molecular
weight of at least 4 kDa. The polymer chain S* may be a part of BS' or may be a
30  further branch of S” or S' resulting in a further branching structure BS®, which

. 2
comprises S”.

Optionally, more than 3 polymer chains are present in the prodrug conjugate
comprised in the dry compositions of the present invention, e.g. 4, 5, 6, 7, or 8.

35 However cach further polymer chain has a molecular weight of at least 4 kDa. The
total number of polymer chains is limited by the total weight of the prodrug conjugate
being at most 1000 Da (without hGH-NH).

15
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Thus, a preferred embodiment of the thGH polymer prodrug comprised in the dry
composition of the present invention relates to prodrug, wherein at least one of the
branching structures BS', BS®* comprises a further fourth polymer chain S* having a
molecular weight of at least 4 kDa or one of S°, S', S* comprises a third branching

5  structure BS® comprising the at least fourth polymer chain S* having a molecular
weight of at least 4 kDa.

The auto-cleavage inducing group G°, which is necessary for the auto-cleavage of L*
is comprised by one of the branching structures or polymer chains.

10
Optionally, one of the branching structures serves as group G* so that the branching
structure consists of G* (instead of comprising said group), which is also encompassed

by the term “comprising”.

15  Figure 2 illustrates the meaning of L*, G*, S°, S', 8%, S°, BS', BS? and BS® using an
exemplary hGH polymer prodrug.

The preparation of a prodrug conjugate (AA) normally results in a mixture of
conjugates, where several primary amino groups of hGH are conjugated resulting in
20  different mono-conjugated, different bi-conjugated, different tri-conjugated, etc.,
prodrugs. Corresponding monoconjugated, bisconjugated or trisconjugated hGH PEG
prodrugs can be separated by standard methods known in the art, like column

chromatography and the like.

25  In monoconjugates of hGH PEG prodrugs, the at least three polymer chains S°, S', S
contain a “polymer moiety”, which is characterized by one or more repeating units,
which may be randomly, block wise or alternating distributed. In addition, the at least
three polymer chains S°, S', S* show an end group, which is typically a hydrogen
atom or an alkyl group having from 1 to 6 carbon atoms, which may be branched or

30  unbranched, e.g. a methyl group, especially for PEG based polymer chains resulting
in so called mPEGs. The term “PEG-based” as understood herein is applied to a
polymer of which the mass proportion of PEG is at least 10% by weight,
preferably at least 25%, and more preferably at least 50% based on the total
weight of the polymer chain.

35
It is pointed out that the polymer moieties within the at least three polymer chains S°,
S', S* may have further chain-like substituents, originating from the repeating units

and resulting in chains having less than 4 kDa of molecular weight and which are not
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considered as polymer chains S°, S', S% etc. Preferably, the at least three polymer

chains S, S', §* carry substituents of less than 1000 Da molecular weight.

A relevant structural feature of S° is its critical distance. The critical distance defines
the shortest distance between the attachment site of S° to L* and the first branching
structure BS' measured as connected atoms. The length of the critical distance has an
effect on the residual activity as discussed for compound 33 as described in WO-A
2009/133137, which is hereby incorporated by reference. The critical distance is
preferably less than 50, more preferred less than 20, and most preferred less than 10.
The at least three polymer chains S°, S' and S* typically cach contain an
interconnecting moiety. Ga is present in at least one of the interconnecting moieties.
For polymer chains other than S°, the interconnecting moiety is the structural element
connecting the polymer moiety of for instance S' with BS' and the polymer moicty of
S* with BS?. For S°, the interconnecting moiety is the structural element connecting L*
and BS'.

Interconnecting moieties may consist of a Cjso alkyl chain, which is branched or
unbranched and which is optionally interrupted or terminated by hetero atoms or
functional groups selected from the group consisting of -O-; -S-; N(R); C(O);
C(O)N(R); N(R)C(O); one or more carbocycles or heterocycles, wherein R is
hydrogen or a C; alkyl chain, which is optionally interrupted or terminated by one
or more of the abovementioned atoms or groups, which further have a hydrogen as
terminal atom; and wherein a carbocycle is phenyl; naphthyl; indenyl; indanyl;
tetralinyl; Cs.jo cycloalkyl; and wherein the heterocycle is a 4 to 7 membered

heterocyclyl; or 9 to 11 membered heterobicyclyl.

"Cs.10 cycloalkyl" or "Cs.jo cycloalkyl ring" means a cyclic alkyl chain having 3 to 10
carbon atoms, which may have carbon-carbon double bonds being at least partially
saturated, e.g. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl,
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl. Each hydrogen of a cycloalkyl
carbon may be replaced by a substituent. The term "Cs. cycloalkyl" or "Cs.o

cycloalkyl ring" also includes bridged bicycles like norbonane or norbonene.

"4 to 7 membered heterocyclyl” or "4 to 7 membered heterocycle” means a ring with
4, 5, 6 or 7 ring atoms that may contain up to the maximum number of double bonds
(aromatic or non-aromatic ring which is fully, partially or un-saturated) wherein at
least one ring atom up to 4 ring atoms are replaced by a heteroatom selected from the

group consisting of sulfur (including -S(O)-, -S(O),-), oxygen and nitrogen (including

17



NT R12RI O R5 R3 0

WO 2011/073234 PCT/EP2010/069710

=N(O)-) and wherein the ring is linked to the rest of the molecule via a carbon or
nitrogen atom. Examples for a 4 to 7 membered heterocycles are azetidine, oxetane,
thietane, furan, thiophene, pyrrole, pyrroline, imidazole, imidazoline, pyrazole,
pyrazoline, oxazole, oxazoline, isoxazole, isoxazoline, thiazole, thiazoline,
5 isothiazole, isothiazoline, thiadiazole, thiadiazoline, tetrahydrofuran,
tetrahydrothiophene,  pyrrolidine, imidazolidine, pyrazolidine, oxazolidine,
isoxazolidine, thiazolidine, isothiazolidine, thiadiazolidine, sulfolane, pyran,
dihydropyran, tetrahydropyran, imidazolidine, pyridine, pyridazine, pyrazine,
pyrimidine, piperazine, piperidine, morpholine, tetrazole, triazole, triazolidine,

10  tetrazolidine, diazepane, azepine or homopiperazine.

"9 to 11 membered heterobicyclyl" or "9 to 11 membered heterobicycle” means a
heterocyclic system of two rings with 9 to 11 ring atoms, where at least one ring atom
is shared by both rings and that may contain up to the maximum number of double
15  bonds (aromatic or non-aromatic ring which is fully, partially or un-saturated)
wherein at least one ring atom up to 6 ring atoms are replaced by a heteroatom
selected from the group consisting of sulfur (including -S(O)-, -S(0O),-), oxygen and
nitrogen (including =N(O)-) and wherein the ring is linked to the rest of the molecule
via a carbon or nitrogen atom. Examples for a 9 to 11 membered heterobicycle are
20 indole, indoline, benzofuran, benzothiophene, benzoxazole, benzisoxazole,
benzothiazole, benzisothiazole, benzimidazole, benzimidazoline, quinoline,
quinazoline, dihydroquinazoline, quinoline, dihydroquinoline, tetrahydroquinoline,
decahydroquinoline, isoquinoline, decahydroisoquinoline, tetrahydroisoquinoline,
dihydroisoquinoline, benzazepine, purine or pteridine. The term 9 to 11 membered
25  heterobicycle also includes spiro structures of two rings like 1,4-dioxa-8-

azaspiro[4.5]decane or bridged heterocycles like 8-aza-bicyclo[3.2.1]octane.

The carbocycle, heterocycle and heterobicycle may be substituted by C;o alkyl,
optionally interrupted or terminated by hetero atoms or functional groups selected
30  from the group consisting of -O-; -S-; N(R); C(O); C(O)N(R); N(R)C(O), wherein R
is hydrogen or a Cj.jo alkyl chain, which is optionally interrupted or terminated by
one or more of the abovementioned atoms or groups, which further have a hydrogen

as terminal atom.

35  The polymer moicty of the at least three chains S°, S', S* form the majority part of the
chains, preferably at least 90% of the molecular weight of each chain, more preferred
at least 95 %, even more preferred at least 97.5 %, even more preferred at least 99 %.

Thus, the basis of the chains is represented by the polymer moiety.

18
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Preferably, the at least three chains S°, S', S* are independently based on a polymer
selected from the group consisting of polyalkyloxy polymers, hyaluronic acid and
derivatives thereof, polyvinyl alcohols, polyoxazolines, polyanhydrides, poly(ortho
esters), polycarbonates, polyurethanes, polyacrylic acids, polyacrylamides,

5 polyacrylates,  polymethacrylates,  polyorganophosphazenes,  polysiloxanes,
polyvinylpyrrolidone, polycyanoacrylates, and polyesters.

Preferably, the at least three chains S°, S', S* are based on the same polymer.
Preferably, the at least three chains S°, S', S* are based on polyalkyoxy polymers.
10 Even more preferred the at least three chains S°, S', S are polyethylene glycol based.

The same applies for further chains S* 8% S ete, accordingly.

The chain S° comprises a branching structure BS', so that S' is linked to S°. For the
15  linkage of S the branching structure BS' may be used or a further branching structure
BS® is present, which may be a part S° or S'. Accordingly, further branching
structures may be present, when further chains are present. For example in case a
chain S® is present it may be linked to BS', BS® or a branching structure BS®. The
branching structure BS®, if present, may be part of S°, S, or S,
20
In general any chemical entity, which allows the branching of a chain, may be used.
Preferably, the branching structures are independently selected from the group
consisting of at least 3-fold substituted carbocycle, at least 3-fold substituted
heterocycle, a tertiary carbon atom, a quaternary carbon atom, and a tertiary nitrogen

25  atom, wherein the terms carbocycle and heterocycle are defined as indicated above.

In publications in the field of auto-cleavage inducing groups are sometimes called
linkers to discriminate their structure from the carrier. Nevertheless it is often difficult
to clearly separate these structural features. Therefore, within the meaning of the
30 present invention the cleavage-inducing group G" is considered to be part of the
carrier S, comprising at least s° s' % BS', and optionally BS?. Variation of the
chemical nature of G" allows the engineering of the propertics of the self-cleaving

properties of a corresponding carrier-linked prodrug to a great extent.

35  As discussed above, a PEGylated-prodrug, wherein the drug is for example rhGH as
described in patent application WO-A 2005/099768, and has a characteristic of
release, which is therein described as the 1,6 cleavage system without the production

of toxic aromatic compounds. In this document is broadly described numerous herein
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relevant suitable transient linker structures to get a relevant release profile of interest.
Other transient linker structures are generically/broadly described in e.g. other
Complex Biosystems GmbH applications such as WO-A 2005/034909, WO-A
2005/099768, WO-A 2006/003014 and WO-A 2006/136586.

More transient linker structures are broadly described in e.g. WO-A 99/30727 (Enzon
Inc).

In order to solve the present problems for GH as discussed herein, the present
10  inventors have selected suitable preferred transient linker structures to get the herein
described relevant functional properties of the rhGH PEGylated prodrug. Based on the
herein detailed description of preferred linker structures it is within the skilled person
knowledge to make other suitable preferred transient linker structures that could give
an thGH PEGylated prodrug with the herein described relevant functional properties.
15
Especially, suitable transient linker structures, which are self hydrolysable (auto-
cleavable) can be chosen for incorporation into S°. The herein selected linker

structures are described in detail below.

20  In order to introduce hydrolytic lability into functional groups L such as amides or
carbamates, it is necessary to engineer structural chemical components into the carrier
in order to function, for instance, as neighbouring groups in proximity to the
functional group. Such autocleavage-inducing chemical structures that exert control
over the cleavability of the prodrug amide bond are termed auto-cleavage inducing

25  groups G". Autocleavage-inducing groups can have a strong effect on the rate of

hydrolysis of a given functional group L’

Preferred L* are selected from the group consisting of C(0)-O-, and C(O)-, which
form together with the primary amino group of hGH a carbamate or amide group.

30  Thus, a composition of the present invention is preferred, wherein L is selected from
the group consisting of C(0O)-O-, and C(O)-, which form together with the primary
amino group of hGH a carbamate or amide group resulting in formula (AAl) or
(AA2)

35 hGH-NH-C(0)0-S° (AAl),
hGH-NH-C(0)-S°  (AA2).
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The following sections will list various structural components that may function as

cleavage-inducing groups G".

The group G" represents an autocleavage inducing group. G* may be present as such
or as a cascade autocleavage-inducing group, which is unmasked to become effective
by means of an additional hydrolytical or enzymatic cleavage step. If G is present as

such, it governs the rate-limiting autohydrolysis of L".
Examples for G

A.J. Garman et al. (A.J. Garman, S.B. Kalindjan, FEBS Lett. 1987, 223 (2), 361-365
1987) used PEG5000-maleic anhydride for the reversible modification of amino
groups in tissue-type plasminogen activator and urokinase. Regeneration of functional
enzyme from PEG-uPA conjugate upon incubation at pH 7.4 buffer by cleavage of the

maleamic acid linkeage followed first order kinetics with a half-life of 6.1 h.

Simple aromatic moieties may infer lability to a connected carbamate bond (WO-A
01/47562). For instance, substituted or unsubstituted fluorenylmethyl group were used
to labilize carbamate linkages to various bioactive agents in a prodrug approach
(Tsubery et al. J Biol Chem 279 (2004) 38118-24). Two PEG chains were attached to
a fluorenyl moiety in WO-A 2007/075534.

Thus, G* is an aromatic ring or fluorenylmethyl directly attached to a carbamate
g y y y

functional group L°.

Accordingly, a composition of the present invention is preferred, wherein G is an
aromatic ring or fluorenylmethyl directly attached to a carbamate functional group

formed by L* and the primary amino group of hGH.

Alternatively, transformation of G* may induce a molecular rearrangement within S°
such as a 1,4- or 1,6-elimination. The rearrangement renders L* more labile so that its
cleavage is induced. The transformation of G* is the rate-limiting step in the cascade
mechanism. Ideally, the cleavage rate of the temporary linkage is identical to the
desired release rate for the drug molecule in a given therapeutic scenario. In such a
cascade system based on 1,6-climination, it is desirable that the cleavage of L is
substantially instantaneous after its lability has been induced by transformation of G*.
In addition it is desirable that the rate-limiting cleavage kinetics proceed in a

therapeutically useful timeframe without the requirement for additional enzymatic
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R11R9 wherein in these three structures T is NHhGH, 10 Xis a spacer

noi ety such as R13-Y1l; Y1l is O, S, NR6, succinimde, naleimde, unsaturated
car bon- cavbaniinosass or any heteratom containing a free elcesreew/opsis or is
absent; R13 is selected fromsubstituted or non-substituted |inear,
branched or cyclical alkyl or heteroal kyl, aryls, substituted aryls,

substi t ut e@htﬁbutnmnn duhsto fwdi@ chchirhwbaahs yds¢iatkd vth @bdoridadtecreghatt ed
independe fronth rogen, acyl groups, or protecting groups for hydroxyl
groups; f?cgﬁé e ected i ndependent|y from hydrogen, X-Rl
substituted or non- substituted |inear, branched or cyclical alkyl or

het er oal kilp @fothguld Yol tecbatxhéverSHbmsuwf@ hod 08 MaRL! fut ed
Halo b

het eroary , cyano, car oxy car boxami de; is the rest

of S, Tonphimi hdiun, l‘éﬂ%@ @@m 99Bé2_t 36&%13366?)594 B%Hagﬁnsépphcatlﬁnt\ﬁps
enbodi meni ggasmmﬁs@meda rﬂétmtmloggnﬁr@an@@ 9($1§@$h Wik Ay pneheds

t t t t referred enb
e o+ eqobmibeaPutige il ety SapiRods G e 15 oF mﬁgﬁosm Dis
NH- hGH, adldmination. I th® @pidichnhdamimggoaplof th@tirugembldckkerls Hinked yia &|
t fo i hed i ne
o ot s ElpEMab R A0t PPEGylated ben AOGGELY bR E8EhGIchd Jaich Aa8her |
bond; 10K i sttached et als beyrl group: b}C(eRmRzpaybogetRs REQymate( ptsra@age BIrRsRAES ;

C(R4R4a) NGERY : o N - RoRARAR) druS( BHR4R)e Qoc@s Sl Rt adomta®oni 9FC or
S(0);
autohydrolysis and enzymatic cleavage. The cleavage of the release-triggering

masking group is followed in this approach by the classical and rapid 1,4- or 1,6-
benzyl elimination. This linker system was also used for releasable poly(ethylene

15  glycol) conjugates of proteins (S. Lee, R.B. Greenwald et al. Bioconj. Chem. 2001, 12
(2), 163-169). Lysozyme was used as model protein because it loses its activity when
PEGylation takes place on the epsilon-amino group of lysine residues. Various
amounts of PEG linker were conjugated to the protein. Regeneration of native protein
from the PEG conjugates occurred in rat plasma or in non-physiological high pH

20  Dbuffer. See also F.M.H. DeGroot et al. (WO-A 2002/083180 and WO-A
2004/043493), and D. Shabat et al. (WO-A 2004/019993).

Thus, L* is a carbamate functional group, the cleavage of said group is induced by a
hydroxyl or amino group of G* via 1,4- or 1,6 benzyl climination of S°, wherein G*
25  contains ester, carbonate, carbamate, or amide bonds that undergo rate-limiting

transformation. In effect, G* may be cleaved off by hydrolysis.

Accordingly, a composition of the present invention is preferred, wherein L* forms
together with the amino group of hGH a carbamate functional group, the cleavage of
30  said group is induced by a hydroxyl or amino group of G" via 1,4- or 1,6 benzyl
climination of S°, wherein G* contains ester, carbonate, carbamate, or amide bonds

that undergo rate-limiting transformation.

G" may contain a cascade cleavage system that is enabled by components of G* that
35 are composed of a structural combination representing the aforementioned precursor.
A precursor of G* may contain additional temporary linkages such as an amide, ester

or a carbamate. The stability or susceptibility to hydrolysis of the precursor’s
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X2 is C(R7, R7a); or C(R7, R7a)-C(R8, R8a); Rl, Ra, R2, Rka, R3, R3a,
R4, Rd4a, R5, R5a, R6, R7, R7/a, R8, R8a are independently 25sel ected from

t he groupwoansiigsizag of H, and C _4 al kyl; or Optional lpgr/EPR@0@6970®r € Of
the pairs Rl a/R4a5 R1 a/R5 a, R4da/R5 a, R4a/R5 a, R7a/R8 a form a chemi cal
bond; 300ptionally, one or nore of the pairs R/R a, R2/R2a5 R4/ R4a5

RS/ R5% R7tdmpabariR8inkBg @(E chamact) trmeli&@rvewiddrbﬁ frolaidestytio pwipeetes bhey are
attached to form %heacﬁwtg%?l oal kyl; or 4 to 7 nmenbered heterocyclyl;

Opt i onal | 14 SRS the ety the™ |r’s R/R4 5R1/R55R1/R65 R=1/R5 5

R7/R8 5 R2r, 3 K are 35 10| ned together with the atons to which they are
attached NﬂtcfZQEE@ﬂ {Bl & ed @Héﬁl@@gg%e% : ﬁf%adeécfrﬁ)elaoﬂegg&t%?fﬂ% sWth the

ni trogen atomtovvh are at orma ere
het er otycthg; basisafor @ @évre&o ufag @ﬁsqaﬁ% PERdsUS SEBerg; fot ippgncosonipiaing| drugapht hyl ;

i ndenyl ;  ieaapk. Inttﬁisra@%?tdﬁ)ﬂl an Ga d X Ne@%{g'@b{é ¢carfied, @ s?ab'l’@\;«‘mﬁ&ﬁf &fhnects
nber e eterobl c erein

het er ocycl,yl |yl ;

et er ooy k! nintyce' § SUiTor oS Bt YSiale pinCutnghrb o b ©

provi ded tdmatvat hd thedeagelinkedr kasking t grotipie Lasdleavies kanidn rdlessesulthe (drjigi s not
repl aced Qcy Igoﬁﬁibsu tuent; wherein 10 L2 is a single chem cal bond or a
spacer; d"PYS the rest of S, conprising at least Si, S2, BSl, and

opti thaIIy BS2. 15 In this enbodinent La is represented by an am de group

and Ga ispy %%@a’iee@ta@d(c%ém'\'@fﬁ) X148, 6}0d25f@2m§'d%s&%n§55!yﬂ&rt QOd}‘ug ncl udi ng
subtituents of N Prodrug conjugates of th pe are descrl bed I n” Eur opean

Pat ent apPtPaPA OR aoBaEiel acig a%@&fl&gwpyln féusc%yﬁtﬁ@s £ NBAKIBE SEHW 1Hr esent
i nvent i onlihisedpteftas redvatihiery ﬁhgb - $ dasSbanefd¢ asoaa!l athebyctivaringl ﬁIMAZ)
whereininf.orrrud0 ‘(“6 %j_ﬁ E,edllﬁelndlcatesthe tbac to the
primary aRiHeRrbRpTSICREH '€ c* PRRECYE NS RN G m Ko? ¢ R M de
bond;15 actixatien f fRé¢ RdakingNr&4) by 0 cat@lyRd Rdahoedy %%&k}ng@_{r%&)@a@é&m%a)

gEOR)AfR4a) Pﬁ@@l@ﬁ&h%m %%%ﬁﬁﬁ%@atﬁg 5?5“%?%@%% dXtIISZthé C or

R3a, R4, aCTF%aml%EplleéfafFW rygrgleaRg, RB8a are i ndependently sel ect ed from
the group consisting of H and ClL 4 al kyl; or Opt i onaIIy one or nor e

gihéﬁecgﬁ%zﬁaﬁ}ee(gﬁ Ghra (Ag}%@%gﬁ e 58@? lihe @a e T o o dbs
R4/ R4x(® R@sR&%REﬂBﬁa&n%em agidaycavitaignedur agzbmh@tervmﬂ@d nhskiag@modpd whi ch
het er ocycl 91 TG et ARG pGers dnboaitiien Rl delPulnl BT Factivi s 5 1
| R65 R4/ | R@nﬁttlﬁmﬁtbmecﬁatEQEvmf 3he aromatic moiety remains permanently attached to
the polymer carrier, side reactions with potentially toxic or immunogenic effects may
be caused.
25
Greenwald et al. published in 2000 a poly(ethylene glycol) drug delivery system of
amino-containing prodrugs based on trimethyl lock lactonization (R.B. Greenwald et
al. J.Med.Chem. 2000, 43(3), 457-487; WO-A 02/089789). In this prodrug system
substituted o-hydroxyphenyl-dimethylpropionic acid is coupled to amino groups of
30  drug molecules by an amide bond. The hydroxy group is linked to PEG by an ester,
carbonate, or carbamate group. The rate determining step in drug release is the
enzymatic cleavage of these functional groups followed by fast amide cleavage by

lactonization, liberating an aromatic lactone side product.

35 More recently, R.B. Greenwald et al. (Greenwald et al. J. Med.Chem. 2004, 47, 726-
734) described a PEG prodrug system based on bis-(N-2-hydroxyethyl)glycin amide
(bicin amide) linker. In this system two PEG molecules are linked to a bicin molecule

coupled to an amino group of the drug molecule. The first two steps in prodrug
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/K are joined together with the atons to which they are attached to forma
ring A Optionally, R3/R3a are joined together with the nitrogen atom
t o whi ch wbey1iar7e2315 attached to forma 4 to 7 nenber edproetrre@oped7ey A i s
selected fromthe group consisting of phenyl; naphthyl; indenyl; indanyl;
tetralinyl; C3_10 cycloalkyl; 4 to 7 nenbered heterocyclyl; and 9 to 11
menber ed hetvatiobiicyhd Yhzyrastit EIéawtger@ﬂ‘ both PEGSHbSBdchIth Bdffwiehi liokegzegr oup
L2-Z and t| onaﬂﬂd fn;ér 1h&r a§ub b%elge 1{10V1'nd at_t I,eu h)‘/lc{1 )| en mar ked
with the ste?lskln il 4 ? i %el pg L%bS%IY[u
wher ei n 2binti¢ss The shaigldesadmanagsadl ﬁmnetfstﬁmé1§ ﬁ}@aﬂfew hydmzlyszs rac of bﬁcom rrul a
(AAA2a) s h%%g Q@ Qﬁﬁ“ s005
sl A5 sl Esglﬁléif co@@%@d t?( Q)n 340@863@122 §mﬂgﬂﬁﬁh{|&r@ @1%5) cgzﬁgef or
formul (MARss aboyebicin- mOdl/ﬁle ylpfoq?é&ngltfé’f@ g gihat CIP?&Y nSI&Wb AidlsEWEd car bon
chain. EagRarAveslageit 3 pAlrmdlckiynanfiapROBri¥8YhaAehE SREAGRE: RlRuRUDSTI t uent.
"Cl 4 alkyl" nmeans an alkyl chain having 1 - 4 carbon atons, e.g. if
present at the end of a molecule: methyl, ethyl, n-propyl, |sopropyl,
n-butyl, Mobsgecificalecprbieingt graips L’ bnd @ ,Wiﬁf specidjw sp&dd? mo ietféHZet(S-QZm;:
-CH(CHB) QF@CH?C(@-@NG%Z -CH(C2H5) -, - 10 C(CH3)2-, when two npieties of a
nol ecul e are ed by the al kyl group Each hydrogen of a G _4 al kyl
carbol) may be replaced by a substituent. "Cl_6 alkyl" means an al kyl chain
having 1 A ﬁe?e@fe@%ﬂu%%@coﬁhﬂg td fW(@U@?@M/O@%tSh@ sE8&e@fiom MR gaulg: C _4
al kyl, met hyl ethyl n-propyl; 1sopropyl, n-butyl, i1sobutyl, Sec- 15
butyl ; t efr Myl @andt{]ﬁentyl n-hexyl, or e.g. -CH2-, -CH2-CH2-, -CH(CH3)-,
_ CH2- CHR- CH2-, -CH(C2Hb) - C(CHS)Z-, when two noieties of a nolecule are
| i nked by the al kyl gr ou[[[pg4 JEach hy ogen of a C1_6 al kyl carbon may be
repl aced by a substituenty The tef 9 _8 alkyl" is defined accordingly.
Y

1 I
WY, Q/ T
u 4 Ar R3 (I)
R4l, R
1 I
Nu-W—Y vz Q/ T
15 4 Ar R3 (H),

wherein in these formulae T represents hGH-NH; X represents a spacer moiety; Y,
and Y, each independently represent O, S or NR6; Y3 and Ys independently of each
other represent O or S; Y4 represents O, NR6 or -C(R7)(R8); R2 and R3
20  independently of each other represent a moiety selected from the group consisting of
hydrogen, substituted or unsubstituted linear, branched or cyclical alkyl or heteroalkyl
groups, aryls, substituted aryls, substituted or unsubstituted heteroaryls, cyano groups,
nitro groups, halogens, carboxy groups, carboxyalkyl groups, alkylcarbonyl groups or
carboxamidoalkyl groups; R4 represents a moiety selected from the group consisting
25  of hydrogen, substituted or unsubstituted linear, branched or cyclical alkyls or
heteroalkyls, aryls, substituted aryls, substituted or unsubstituted heteroaryl,
substituted or unsubstituted linear, branched or cyclical alkoxys, substituted or
unsubstituted linear, branched or cyclical heteroalkyloxys, aryloxys or heteroaryloxys,
cyano groups and halogens; R7 and RS are each independently selected from the
30  group consisting of hydrogen, substituted or unsubstituted linear, branched or cyclical
alkyls or heteroalkyls, aryls, substituted aryls, substituted or unsubstituted heteroaryls,

carboxyalkyl groups, alkylcarbonyl groups, carboxamidoalkyl groups, cyano groups,
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20 Accordingly, "C1_18 al kyl" neans an al kyl chain having 1 to 18 carbon

atons and "C8_ 18 al kyl" nmeans an al kyl chain having 8 to 18 carbon atons.

Accor di ngg,2011@t3853@ al kyl * nmeans an al kyl chai n havi ng Bcr@Epr2éi00ss7i®n

atonms. "C2_50 al kenyl" nmeans a branched or unbranched al kenyl chai n havi ng

2 to 50 carbon 25 atons, e.g. if present at the end of a nvol ecul e:

- CH=CH2, &fﬂ%gehla, R6Ckla)re£]icﬁ30bl2 gﬁw@-?&tt@%%ﬁrﬁhydrﬁgﬁﬁﬁk@kﬁtﬁtﬂ Iom e.g.

- CH=CH, en .t i eti.es a_ml ec re_linke £ al ken group.

cach hyar SHEHRe Tk o DBE s S PO i LT Plent as

further spoty fidcsubshttat di mgsupstituted hasernarybt Ranyepteserss dhesest ©f £ c3Y bon

chai n wi t Rpalseh€as bR AAHEP rofALRRRAOH B GrBfitiuP B! @Adlchyd gpne of
bonds y "C2_50 al kynyl "

nore trip on occur, _ neans. a branched or unbranched
al kynyt cheliselakylhgrdstsgbsiguted 2hoh sapsbiiiCd ar ysubstityed Saear, bienehsd oend of a
erI eC_U| e: cydichl hefe&allgE, s@ﬁﬁtu@dz'o@%sugﬂﬁut@@' kdtBroaBls; ENY- reptlsentdhgn two
noi eties of .a %HLecule are |inked bé Lpe 35 alkyngl ]grougie ach hydrogen of
a C2_50 aP¥§/MRAMIEaPSRIHEYS FE'G 8PPy Raadbehf Ak AEPIES ISP  ARE-

speci f i edsubAtitorddiraghtyc hidrecariesmor miilkiysapétituteed lhatnegicthetaogatcbon chai mwit h
at | est one carbon carbon triple bond. Optionally, one or nore doubl e bonds
may occur. "C3_7 cycloal kyl" or "C3_7 cycloal kyl ring" neans a cyclic alkyl
chai nthavWithiB the nwan@gﬁthatm@m wieoHomvathic hexoep daribaspresanbinbyiolibl e bonds
I A B e S S LS

cycl oal kyh%é?%@ﬁg %ﬁ@e%é%é&pwnﬁ §% gtish E@%@? 1@%% ag L@ﬁ%ﬁ%' 37

cycl oal kyBS' efid oftdndtyBkoal kyl ring" al so includes bridged bicycles like
nor bonane or norbonene. Accordingly, "C3_5 cycloal kyl" neans a cycl oal kyl
having 3 to 5 carbon atons. Accordingly, "C3_10 cycl oal kyl" neans a cyclic
al kyl Thaviman Sltdroativ@ cododoneratSonisattatBedyig. AIGS répreyait-oRB Kilien tby carbpm opy ! |
cycl obuty > tyl > 1 @y:¢cl ooctyl,
vl onony ™ EXBREAV b N AR | FRLORRIRDaparif (BIRERE s €46, Teant
parti al | ytesmingfesl wigh dgcoemopog Gnd is byidgut|tha in this embpginegé Fermadansd f | uor o,
chloro, bgbam igtrch@fRablbt is generally preferred that hal ogen 15is fluoro
or chloro. "4 to 7 nenbered heterocyclyl"” or "4 to 7 nmenbered heterocycle"
nmeans a ring with 4, 5, 6 or 7 ring atons that may contain up to the

naxi maom nprefeablef indoribhle (AANds(A Al X8iaL bf foemuhaAsexDmati ¢ ring which is
fully, partially or un-saturated) wherein at 20 | east one ring atomup to 4
ring atons are replaced by a heteroatomgel ected fromthe group consisting
of sulfur (including -S(0)-, -S(0)2-),Soxygen and nitrogen (including
=N(0)-) and wherein the ring is Iinkesto the rest of the nolecule via a
carbon or nitrogen atom @Xxanples, for 4 to 7 menbered heterocycles are
azetidi ne, oxetane, thietlane, f@&am,—tBSophene, pyrrole, pyrroline,

i m dazol e, imdazoli ne, azol e, 25pyrazo |line, oxazole, oxazoli ne,

i soxazo |e, iZR%qQQ‘ i iazo le, thiazoline, isothiaf#hARd)isothiazo

| i ne, thiadi az e, t’hi 0 Iine,tetrasyﬁrofuran,

t et r ahydr ot hi ophene, pyrrofidi ne, i mi dazol i di ne, pyrazolidine, oxazolidi ne,

i soxazol i di ne, thiazolidijne, isothiazolidine, thiadiazolidine, sulfo |ane,
pyran, di hydropyran, tetTahg¥opg’an pgldaz¥BidipgZp\g®Fdi ne, pyridazine,
pyrazine, 30pyrimdine, piperazine, piperidine, rpholine, tetrazole,
triazo le, triazolidine, tetrazolidine, diazepane| azepine or

honopi perazine. "9 to 11 nenmbered heterobicyclyl"gér "9 to 11 nmenbered

het er obi cycl e" nmeans a heterocyclic systemof two rings with 9to 11 ring
atons, where at |l east one ring atom 35 is shared by both rings and that may
contain u hto.th%.naﬁiggg%gwnber of doubl e bonds (aromatic or non-aronatic
ring whi cH PS"FHPYUBE 4l y or un-saturated) wherein at |east one ring
atomifp to 6 ring atons are replaced by a heteroatom

G" has the meaning as indicated above;

S% is CHa; or C(O);
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selected fromthe group consisting of sulfur (including -S(0)-, -S(0)2-),
oxygen and WO 2011/ 073234PCT/ EP2010/ 069710 nitrogen (|nclud|ng =N(0) -)
and wher evo 20hwo78i3ng is linked to the rest of the nol ecece/pr@odceras bon or
nitrogen atom Exanples for a 9 to 11 nenbered heterobicycle are indo |e,
indo |ine, benzo furan, benzothi ophene, benzoxazo |le, benziso xazo |e,
benzot hi ag® &, axban@llamtdhaazhadzlﬁg f’aﬁmzll o dazarbon, atoenz whidhasooptionelly qui no
line, 5 qui nazo di h uinazo |line i nQ 1ine i h nol i ne,

tet r ahyar JuTRGRd raSerBie D5 D0 P A% isiPe. S5ia0 Br bl Puio M LRI AT soqui no
line, tet ﬂafg]@mmamelsqng nﬁoptlonelly mblavfdtadll@tm]mmbl, né; C@hzadé@i ne, purine or
pteridine. The term9 to 11 menmbered heterobicycle also includes spiro
structures of two rings |ike 1,4-dioxa-8- azaspiro[4.5]decane or bridged
het er ctycB8s BY kBSBarsa&@pmdﬁyeyéelfqedzfrqm]th%gm congstprefdVaBi¢H La- S i s

sel ected fromthe group con5|st|ng of wherein Ris H or Cl_ 4

al kyl; Y L& R2 4

have t he W@f%memds%ﬂ%an ettt i haghe SO 109 200 Kbgh aork oy 1

0 SR 0 N<wh@@, isOoj@Wnally interrupted or terminated by one or more groups, cycles or
heteroatoms selected from the group consisting of optionally substituted heterocycle;
10  O; S; C(0); and NH;

S°¢, 8™, are (C(0))n2(CH,)a1(OCH,CH,),OCH3, wherein each n is independently an
integer from 100 to 500, each n1 is independently 0, 1, 2, 3, 4, 5, 6, 7,0r 8, and n2 is 0

or 1.

15
S?, S are independently hydrogen; or (C(0))n(CHy)n(OCH,CH,),OCH;, wherein
cach n is independently an integer from 100 to 500, each nl is independently 0, 1, 2,
3,4,5,6, 7,0r 8 and n2 is 0 or 1, provided that at least one of S% S’ is other than
hydrogen;

20

R’ R’ are defined as for formula (A) below.

The term heterocycle means a heterocycle as defined above. Optional substituents are,
e.g. oxo (=0), where the ring is at least partially saturated, a branched or unbranched
25  alkyl chain having from one to 6 carbon atoms, or halogen. A preferred substituted

heterocycle is succinimide.

Preferably, G* in formula (AAA1) is OC(O)-R and R is the partial structure of
formula (I) as shown below, wherein R1, R4, RS and n are defined as given below.
30

Another preferred embodiment is described in WO06136586A2. Accordingly, the
following structures are preferred:
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ONH 0 N< wherein R has the neaning as indicated above. At |east one (up
to four) hydrogen is replaced by a group L2-Z. In case nore than one group
L2-Z is pwexento7emeh L2 and each Z can be sel ected i ndepemd®nitown69710
Preferably, only one group L2-Z is present. 5In general, S can be
substituted with L2-Z at any position apart fromthe replacenent of the
hydrogen marked with an asteri sk Rh fhe fornmul ae above. Preferably, one to
four of the hydrogen gi venrby-d3; 0 R8 directly or as hydrogen of the
Cl 4 alkyl or further groups and givéd dy the definition of R and R1
to R8 are replaced by L2- Z. 10 Further r§r 5 may be optionally further
substituted. In general, any subsiitn y be used as far as the cl eavage
principle is not affected. Preferfabl oneXor nore further optional
substituents are i ndependeReTVP sei ec%ed fram 15 the group consisting of

hal ogen; CN; COOR9; OR9; C(0)R9; RYORN(ROR9a); S(@)y2N(RO9R9a); S(O)N(R9R9a)
S(0) 2R9; S(0)R9; N(R9) S(0) 2N(R9aR9b); SR9; N(ROR9a); NO2; OC(0)R9

N(R9) C(0) R9a; N(R9) S(0)2R9a; N(R9) S(0) R9a; N(R9) C(0)0R9a;

N(R9) C(0) N(R9aR9b); OC(0) N(ROR9a); T; Cl1_50 al kyl; C2_50 al kenyl; or C2_50
al kynyl, wherein T; C1-50 al kyl; C2_8B0 al kenyl; and C2_50 al kynyl are
optlonally 20 substltuted wth ong7 nore RL, which are the sane or

di fferent and wherein Cl1_50 al kyl; 50 al kenyl; and C2_50 al kynyl are
optional ly interrupted by of & groyps,sel ected fromthe group
consisting of T, -C(0)O0-; -0-; - CR®) Re \x C(P) N(R11) - -S(0)2N(R11)-,
-S(0)N(R11)-; -S(0)2-; -S(0)-; -NeR1L), hb) N(RI |a) -S-; -N(R11)-; -
OC(0) R11; -N(R11)C(O0)-; -N(Rll)S( ) 247 - N(R11) S(0) - -N(Rll)C(O)O- -
25N(RL1) C(O)N(Rila)-: and - Oc{O)N(RL1R11 a);: R9, R9a, R9b are i ndependently
selected fromthe group consistin "of°H T, and &1 50 al kyl; C2_50 al kenyl;
or C2-50 al kynyl, wherein T; Cl1_50 al kyl; 02_50 al kenyl ; and C2-50 al kynyl
are optionally substituted with one or nore RlL, which are the sanme or 30
different and wherein Cl1_50 al kyl; C2 50 al kenyl; and C2_50 al kynyl are
optionally interrupted by one or mare groups sel ect ed fromthe group
consisting of T, -C(0)0-; - 0-; -¢0)=: -C(0)N(R11) - -S(0)2N(R11)-
-S(O)N(R11)-; -S(0)2-; -S(0)-; - R1?58(0)2N(R1 1a) -S-; -N(R11)-;
-0C(0)R11; -N(RL11)C(O)-; - %Rll)S(O)-; -N(R11) C(0) O-;
-N(R11) C(0) N(R11a)-; and -0C(0) N( Fed Tis selected fromthe
group consisting of phenyl; naphthyl; in L mdanyl ; tetralinyl; C3_10
cycloalkyl; 4 to 7 menber ed heter(Rjyc W, or 9 to 11 nenbered

het er obi cycIyI wherein T igs subs{ituted with one or nore RI,

whi ch are the sane or different; haI ogen; CN; oxo (=0); COOR12; CR12;
C(0)R12; C(0)N(R12R12a); 5S(0)2N( i 92 S(0) N(R12R12a); s(0)2R12;
s(0)R12; N(R12)s(0)2N(Rl2aR12b); sR12; N( R12R12a) NC2; OC(0) R12;

N( R12) c( 0} R1.28 i Nﬁ&%%ﬂéé@t)f@dﬁ%%m iNGRLRYS( 0) R12a; - N(R12) O(0) ORL2a:;

N( R1 fC(O N( R12aK" 12b); N(R12R12a); or C1_6 al kyl, wherein Cl_6

al kyl1G s ﬁ?éﬁ%q?mé‘?%%"tqht é th one or nore hal ogen, which are the

sanme or dififier@m,;NR6, succinimide, maleimide, unsaturated carbon-carbon bonds or any

Ia)

heteratom containing a free electron pair or is absent;
R13 is selected from substituted or non-substituted linear, branched or cyclical alkyl
or heteroalkyl, aryls, substituted aryls, substituted or non-substituted heteroaryls;
15 R2 and R3 are selected independently from hydrogen, acyl groups, or protecting
groups for hydroxyl groups;
R4 to R12 are sclected independently from hydrogen, X-R1, substituted or non-
substituted linear, branched or cyclical alkyl or heteroalkyl, aryls, substituted aryls,
substituted or non- substituted heteroaryls, cyano, nitro, halogen, carboxy,
20  carboxamide;

R1 is the rest of SO, comprising at least Sl, Sz, BSl, and optionally BS”.
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10 R11; R la; R12; Rl2a; R12b are independently selected fromthe group
consisting of H or Cl1_6 alkyl, wherein C1L 6 alkyl is optionally

substi t utwo 2eitvd133e or nore hal ogen, which are the samecoEpdibfoes7ent . 15
The term"interrupted” nmeans that between two carbons a group is inserted
or at the end of the carbon chain between the carbon and hydrogen. L2
is a si nglre tidbhemwdimbond or al aspac gfoup, Ninda6e chdompassessh@CBirbranched s

pr ef er abl %(t rl ngd I%SCL zb}tone or nore optional substituents defined above,
provi ded that L2718 8ubgtituted 20 with Z. Accordingly, when L2 is other
than a single chem cal bond, L2 Z is COOR9; OR9; C(0)R9; C(0)N(ROR9a);

S(0) 2N( RO o SR9;

N RORos) « ToR b RN RS) o O HoAT R B SRe e TR R R, Rt

N( R9)<§(0) ocngugatr\k)rb)vo(emlm( R9aR9b) OC(0)N(ROR9a); T; C, 0 alkyl; C2 50

al kenyl ; or C2_50 aI kynyI wherein T; Cl1_50 al kyl; 02_50 al kenyl ; and C2_50
al kynyl ‘rﬁ Olgfﬁl substitut ed with one or nore R1L, which are the sane

or differ in Cl1_50 alkyl; C2_50 al kenyl; and C2_50 al kynyl are
optionally int errupt ed by one or nore groups sel ected fromthe gr oup

consi stin %f , -C(0)0-; -0-; -C(0)-; - 30 C(O)N(R11)-; -S(0)2N(R11)-
-S(0) N(R11) - -S(O )2-; -S(0)- -N(Rll)S(O)ZN(Rlla)- - S— -N(R11) -;

- 0C( Oy R1 1non—hr(orlug1c)a¢1¢/o)ctwe LineRmmyisy o8 Drepreseute by formyla: (11 N( R11) C(0)0- ;
-N(R11) C(0) N(R1la)-; and -0C(0) N(R11R11l a); R9, R9a, ROb are independently
sel ected fromdahe grou co1nsr sting of H Z T, and 4 _so 35 alkyl; C2_50

al kenyl ; or _ 50 aI ky IR rei n T Cl 50 al kyl; C2_50 al kenyl; and C2_50
al kynyl are ot io x ub (tu one or nore Rl, which are the sane
or differ&f an wheﬁder n>C1_50 al kyI 0 al kenyl; and C2_50 al kynyl are
optionally ing rrR ,ol by oned)r nor e groups sel ected fromthe group

consi sting of T, C( )0-; - -C(0)-;, -C(0O)N(R11) - -S(0)2N(R11)

-S(0) N(R11) - -S(0)2- -S(O) - N(R11)S(0)2N(R1 Ia) -S-; -N(Rll)

-0C(0)RL1: - N(RL1 - N( Rll) S(0)2-: - N(RL1)S(0)-: -N(RL1)C(0)Q-:
-N(R11) O( B'SeRLI| 5rnu1ar€B thy dpshydilirg mrcart%)the 3ttarchr1§n @r the BT E19HP Ohe gr oup

consisgi nngIfbypﬁpfﬁM{g anN@flBE Bydd; i ndenyl; indanyl; tetralinyl; C3_10
cycloal kyl; 4°to 7 nmenbered heterocyclyl or 9 to 11 menbered

het er obi cycIyI whereint is optronaIIy substituted with one or more R1,

whi ch ar eXt heCaRA)pN(EI fGar € 'R “IARRRE), 20 (RIRFHgaR RO\, C@IR-2AR); COORL2;
OR12; C(0 JaN( bR12R12a); S(0) N(Ri 2Ri 2a); s(0)2R12;
(0 r12: - Nikes & B) Y CHRIRGED: or LR

N(R R12); SR12: N(R12R12a); NO2; OC(0)R12; N(R12)c(0)Rl2a; N(R12)s(0)2Rl2a;
N( R12) 5 ( OxR12@; NB}.Z)C(O)ORIZa; N(R12) C(0) N(R12a' -' 12b.;

K) OC(O) N( R12’R12 “or C1_6 alkyl, wherein C1_6 alkyl is optionally
substituted with one or nore hal ogen, which are the sane or 15different; RH

Rila 5 R ¥2i2a@brR); F@rrqupqﬁo)eomsyR;rzependent |y selected fromthe group

consisting of H Z; or erein G _6 alkyl is optionally
substituted with one or nore haI ogen, which are the sane or different;

provi ded RhaR'"“pRé, Bf*, RI, RROED, ﬂzébaﬁrejr{is W,,RRIR%; RRIP* aR1 2adep&iRbtly s z.

Even 4wre are listed bel ow.
Pr ef eirgébl sé?éé?%?ﬁ mggﬁaﬁhgbn pr Ogao has t‘F\ ﬁ%ﬁ?)uct ure given in fornula (A).
30 RS 7 N R4

Optionally, one or more of the pairs R'/R™, R'*/R* R*/R™ R*/R>, R"™/R* form a

chemical bond,

30  Optionally, one or more of the pairs R'/R', R¥/R*, R*/R™, R°’/R**, R"/R™ R*/R™* are
joined together with the atom to which they are attached to form a C;_7 cycloalkyl; or
4 to 7 membered heterocyclyl;

Optionally, one or more of the pairs RYRY, RY/R®, RY/R®, RY/R?, R7/R®, R¥Y/R? are
35 joined together with the atoms to which they are attached to form a ring A;
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wherein in formula (A) NHrhGH represents the rhGH residue attached to the
transient linker by formng a carbamate bond; 5 Rl, R2, R3, R4, and RS are
sel ect ed wodepangsat |y from hydrogen, nethyl, ethyl, prepyEr290propyl! ,
butyl, isobutyl, tertiary butyl, PEG represents a PEGyl ati on residue
attached to the transient linker, 10 and n = 1 or 2, and X is selected from
C to C8 epkyhalgr RKIRE mraammtt@geﬁ&lr kiyith tﬁélﬁﬁtﬁdg&hadibm, tot didhoihey yarPEG - X-t h
of fornul the truct wherein each c is
independe %ﬁ%%ﬁﬁénPe é? mkﬁggﬁggﬂyg > preferably an 20i nteger from 300
to 400 anéd rﬁos@em@ffmratﬂhy S00p CPheistingr of "Thenyl caphByheindenydl kydanylyeans an

al Kyl Chaidhalil 09, dof Qork108r BT AR PRLERAIGL OBl PIR 1 ImbRbEa Upted by

het er oat ops, functional groups, car es or terocycl es as defined
above.5 Thheteiobigyclal: 21 8 al kyl " neans Cl_8 al kyl as defined 25above. In a
preferred enbodinent, in fornula (A) La is represented by the carbamate

ttached iS. re resent ed he .ar ou t
carbonyl  SPPRELLG it &%ﬂm SRR bR R A AN
shown in pawidetahdt tROhyedgw.marké R0k HOZB2RKE ROOHERRAL0K 60D ea

preferred U e given by general formula I, which are part of the
structure]%§§th%ﬁ%%K®Le general aromatic |linker structure above: R4 R5 | N

L? is a single chemical bond or a spacer; and
Z is the rest of SO, comprising at least Sl, Sz, BSl, and optionally BS”.

15 In this embodiment L* is represented by an amide group and G* is represented by
N(H*)X'(0) and the chain connecting to N including subtituents of N.

Prodrug conjugates of this type are described in European Patent application N°

08150973.9
20
Accordingly, a composition of the present invention is preferred, wherein L*-S° is
represented by formula (AAA2),
||Q3a (l)l R1 R1a
2 1
N X X h
RB/ >< \N/ \X>Sr\/
R2 RZa |*
H O (aAA2),
25

wherein in formula (AAA2) the dashed line indicates the attachment to the primary

amino group of hGH so that L* and the amino group form an amide bond,;

X is C(R'R™); N(RY; 0; C(R'R™)-C(R’R™); C(R’R**)-C(R'R™); C(R'R™)-N(R®);
30  N(R-C(R'R™); C(R'R™)-0; or O-C(R'R™);

X' is C; or S(O);

X? is C(R7, R™); or C(R”, R™)-C(R®, R*™),
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n, XN I RL 5 Fornula | and where preferred exanples of formula I
conprise: NN Ns I NNj ) NNj / rNl NNj 1 N%NI1I1 N/\ N1 N/\,/ N%1
10 Mowe 2priafiersned aromatic structures of fornula || pcoimpedomseEipart of
the structure (A 15within the general aromatic |inker structure above:

R, R™ R R%, R, R R* R™ R’, R R® R’, R™ R®, R*™ are independently

selected from the group consisting of H; and C, 4 alkyl; or

Optionally, one or more of the pairs R'/R™, R'*/R* R*/R™ R*/R>, R"™/R* form a

5  chemical bond;

Optionally, one or more of the pairs R'/R'®, R¥/R*, RYR™, R’/R*, R"/R™, R¥R™ are
joined together with the atom to which they are attached to form a C;_7 cycloalkyl; or
4 to 7 membered heterocyclyl;

10
Optionally, one or more of the pairs RYRY, RY/R®, RY/R®, RY/R?, R7/R®, R¥Y/R? are

joined together with the atoms to which they are attached to form a ring A;

Optionally, R*/R* are joined together with the nitrogen atom to which they are

15  attached to form a 4 to 7 membered heterocycle;

A is selected from the group consisting of phenyl; naphthyl; indenyl; indanyl;
tetralinyl; Cs.jo cycloalkyl; 4 to 7 membered heterocyclyl; and 9 to 11 membered
heterobicyclyl; and

20
wherein S° is substituted with one group L?-Z and optionally further substituted,
provided that the hydrogen marked with the asterisk in formula (AAA2) is not

replaced by a substituent; wherein

25 L’ is a single chemical bond or a spacer; and

Z is of formula (AAA2a)
g8
s BS®
A (AAA2a)
S
g% g®  pgl g0 BsZ—g°C
g2
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WO 2011/ 073234PCT/ EP2010/ 069710 0 O Formula Il and where preferred
exanples of fornmula Il conprise: WD 2011/ 073234PCT/ EP2010/069710 0 ' 10

‘10 Mowe 2priafiersaed structures of formula |11, which acempasmoed7id he
structure (A) within the general aromatic |inker structure above, wherein
PEG X is 5 sZ PEG -WFormula 11l 10 and PEG Wi ncl udes the foll ow ng

subst i t uenhegiro8Ps $™, SPEG’C, s'4, 8'8, 82, §°, BS!, BS? and BS® have the meaning as
indicated for formula (AAAT) above.

“Alkyl” means a straight-chain or branched carbon chain. Each hydrogen of an alkyl

5 carbon may be replaced by a substituent.

"Cj4 alkyl" means an alkyl chain having 1 - 4 carbon atoms, e.g. if present at the end
of a molecule: methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl tert-
butyl, or e.g. -CH,-, -CH,-CH,-, -CH(CH3)-, -CH,-CH,-CH,-, -CH(C,Hs)-, -

10  C(CHs),-, when two moicties of a molecule are linked by the alkyl group. Each
hydrogen of a C;4 alkyl carbon may be replaced by a substituent.

"Ci.6 alkyl" means an alkyl chain having 1 - 6 carbon atoms, e.g. if present at the end
of a molecule: C;4 alkyl, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-

15  butyl; tert-butyl, n-pentyl, n-hexyl, or e.g. -CH,-, -CH,-CH,-, -CH(CH3)-, -CH,-CH;-
CH,-, -CH(C;Hs)-, -C(CH3),-, when two moieties of a molecule are linked by the
alkyl group. Each hydrogen of a C,s alkyl carbon may be replaced by a substituent.
The term “C, s alkyl” is defined accordingly.

20  Accordingly, “C;.5 alkyl” means an alkyl chain having 1 to 18 carbon atoms and “Cs.
13 alkyl” means an alkyl chain having 8 to 18 carbon atoms. Accordingly, “C;.so

alkyl” means an alkyl chain having 1 to 50 carbon atoms.

“Ca.s0 alkenyl” means a branched or unbranched alkenyl chain having 2 to 50 carbon
25 atoms, e.g. if present at the end of a molecule: -CH=CH,, -CH=CH-CH3, -CH,-
CH=CH,, -CH=CH-CH,-CH;, -CH=CH-CH=CH,, or e¢.g. -CH=CH-, when two
moieties of a molecule are linked by the alkenyl group. Each hydrogen of a C,.s9
alkenyl carbon may be replaced by a substituent as further specified. Accordingly, the
term “alkenyl” relates to a carbon chain with at least one carbon carbon double bond.

30  Optionally, one or more triple bonds may occur.

“Ca.s0 alkynyl” means a branched or unbranched alkynyl chain having 2 to 50 carbon
atoms, ¢.g. if present at the end of a molecule: -C=CH, -CH,-C=CH, CH,-CH,-C=CH,
CH,-C=C-CHs, or e.g. -C=C- when two moicties of a molecule are linked by the
35 alkynyl group. Each hydrogen of a C,.s, alkynyl carbon may be replaced by a
substituent as further specified. Accordingly, the term “alkynyl” relates to a carbon
chaim with at lest one carbon carbon triple bond. Optionally, one or more double

bonds may occur.
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0O SNOH 0 PEGNC HO PEGN 1 PEG O Further exanples of preferred hGH
pol ymer prodrug conjugates are shown below o NNO) 00 S,-...,..,,0rhGH O
N HH O RvO20H/073834pEG XN r hCH PCT/EP2010/069710

"Cs7 cycloalkyl" or "Cs; cycloalkyl ring" means a cyclic alkyl chain having 3 to 7
carbon atoms, which may have carbon-carbon double bonds being at least partially
saturated, e.g. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl,
cycloheptyl. Each hydrogen of a cycloalkyl carbon may be replaced by a substituent.
5 The term "Cs; cycloalkyl" or "Cs5 cycloalkyl ring" also includes bridged bicycles like
norbonane or norbonene. Accordingly, "Cs.s cycloalkyl" means a cycloalkyl having 3

to 5 carbon atoms.

Accordingly, “Cs.jo cycloalkyl” means a cyclic alkyl having 3 to 10 carbon atoms,
10  e.g. C35 cycloalkyl; cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl,
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl. The term “Cs.o cycloalkyl” also

includes at least partially saturated carbomono- and —bicycles.

"Halogen" means fluoro, chloro, bromo or iodo. It is generally preferred that halogen

15  is fluoro or chloro.

"4 to 7 membered heterocyclyl” or "4 to 7 membered heterocycle” means a ring with
4, 5, 6 or 7 ring atoms that may contain up to the maximum number of double bonds
(aromatic or non-aromatic ring which is fully, partially or un-saturated) wherein at
20  least one ring atom up to 4 ring atoms are replaced by a heteroatom selected from the
group consisting of sulfur (including -S(O)-, -S(O),-), oxygen and nitrogen (including
=N(O)-) and wherein the ring is linked to the rest of the molecule via a carbon or
nitrogen atom. Examples for a 4 to 7 membered heterocycles are azetidine, oxetane,
thietane, furan, thiophene, pyrrole, pyrroline, imidazole, imidazoline, pyrazole,
25 pyrazoline, oxazole, oxazoline, isoxazole, isoxazoline, thiazole, thiazoline,
isothiazole, isothiazoline, thiadiazole, thiadiazoline, tetrahydrofuran,
tetrahydrothiophene,  pyrrolidine, imidazolidine, pyrazolidine, oxazolidine,
isoxazolidine, thiazolidine, isothiazolidine, thiadiazolidine, sulfolane, pyran,
dihydropyran, tetrahydropyran, imidazolidine, pyridine, pyridazine, pyrazine,
30  pyrimidine, piperazine, piperidine, morpholine, tetrazole, triazole, triazolidine,

tetrazolidine, diazepane, azepine or homopiperazine.

"9 to 11 membered heterobicyclyl" or "9 to 11 membered heterobicycle” means a
heterocyclic system of two rings with 9 to 11 ring atoms, where at least one ring atom
35 is shared by both rings and that may contain up to the maximum number of double
bonds (aromatic or non-aromatic ring which is fully, partially or un-saturated)
wherein at least one ring atom up to 6 ring atoms are replaced by a heteroatom

selected from the group consisting of sulfur (including -S(O)-, -S(0O),-), oxygen and
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HROORO .................. [ N ",...0 H XN PEG hGH
OOROO/ ONrh&HRI\NH CNH | PEG R is selected from hydrogen, nethyl,
ethyl, prwpygbiansesbutyl, 5X is selected fromd to C8 alpkylepesto@somi® C12
het eroal kyl. Also in the preferred and nore preferred enbodi nents PEG neans
preferably the rest of S, conprising at least Si, S2, BS1 and optionally

BS2. nittogan Anetieing e (@t)i;@d'd m&meuptMrLys limegto e dedt loftHeem@lec[nesi tions
of the present 0| nventi on eI &g m t he ou stl
wher o1 nmper b DL GRIoLRR SRS ESEALE R & S0, M Ini i BRGS0 ¢ o

125; Bidateer encrlplmen s bamzquaegeubemmdnopl@@e,t 0 b&POxazoWD benmsoxazole
2011/ 073 Zﬁé‘fﬁgﬂuﬁ':o’?e(? 106, Q868020 le, benzimidazole, benzimidazoline, quinoline,

5 quinazoline, dihydroquinazoline, quinoline, dihydroquinoline, tetrahydroquinoline,
decahydroquinoline, isoquinoline, decahydroisoquinoline, tetrahydroisoquinoline,
dihydroisoquinoline, benzazepine, purine or pteridine. The term 9 to 11 membered
heterobicycle also includes spiro structures of two rings like 1,4-dioxa-8-
azaspiro[4.5]decane or bridged heterocycles like 8-aza-bicyclo[3.2.1]octane.

10
Preferably, L°-S° is selected from the group consisting of

15
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NON wherein n is an integer from400 to 500. Preferably, PEGylation
of the hGH noiety occurs at one or nore of the lysines 5 selected fromthe
group consoimg3nh Lysl158, Lysl1l45, Lys38, Lysl140 and LysTEP20bo69710
preferably, PEGylation of the hGH noiety occurs mainly at positions Lysl58,
Lys145, Lys38, and Lys140, even nore preferably mainly at positions Lys158,
Lys145 and L§s38 ,10 Prefepably, at least 30%of all growth hornone

noi eties of:A ositioff of the present i nvention are BEGyl ated at
position Lys#38. h{H pol prodrugs conprised in the dry .conpositions of
t he present |nvent|onocan be prer? Wy met hods kno h the art. However,
especially for conpounds of 15 |
the prodrug gl ecule in a convergent .ynthe5|§2by providing a f,irst

pr ecur sor eculze conpr® & ng one of_ARYreX groups ﬁwrénﬁqﬂwwed
carbonateRgS%qﬁggmﬁi%jggng precuréor ol ec k@Rconpr|5|ng armakeirfi de
group to r dactri ntan lladdi ti on reaction resJTtlng in thg formation of a thio
succi ni m de group and to react that ¢onbi ned ﬂFecursor|nDIecuI W th GH to
yield a 20 qﬁﬂpound of formula (AAL) J| Acordingly, a el *{N O
preparatlonppf azconpound 5 hGHfN 030- S é¥2E§ Hwhereln S has

t he neanlﬁg aaffndb Jove andseonphi s& At | east r@NEe group

conpri ses t%e Rolﬁomnng reactlng a conpound o& for
ROC(0)0-S -SH (AAl") Wi t a conpoung¥Fof fornul a N-SR3’

wherein Ris a suitable rest for an actlvated carbonﬁteRgr@ﬂp mhereln
S and SO are selected to yleldR conpr|S| bhe at Least one 59rou N ,
resulting in a conmpound of forgum 8; R b) reacti ngy th
conmpound of formula ROC(0)0-S Wig hGH
with one of its primary anino groups ybeFdRa 100 ndyof forgika
(AAl). Suitable R groups for the carbonate functional groups include
substituted al kyl or carbocyclic or heterocyclic, like aryl or cycloal kyl,

groups |ike the pentafluorophenyl or NHS group. 15 The stabl e conposition
conpri sed of rhGH pol yner, prodrug as described above is aadny genposi tion

wth a shelf-llfe 4 erablxiat Iezﬁ%tf2 6,/font hs, nore pr, any at | east
1 year, \gpeiepéb | egt._2~years Xapen stidhedag -t At ur es
rangi ng fron1 80(5J 5C, preferably’ranljing from 2 ﬂp 25C. 5The

preferred method '&f 20 d?ylng the rH®&H pol y¥rer prodrug conp05|t|on IS
I yophi i zation. Thus RP &p{ther aspect of, the gt esent |nvent|?nREZ§?/

conposi ti on |whi kh is® ed by I § : Y
/N N/X\X < N/\/\N/X\X < /\/\,\lj X %
| | |_I|* o) H* (@]

O
HO
foel
X

:5
O
z?

<
>
z?

b
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| yophi l'i sati on. Another aspect is a conposition of the present invention
which is stable for at |l east 1 year when stored at tenperatures ranging
from - 80Gvopotw723¢€, 25 preferably ranging from 2-25 C phtveepoebtena@bl y t he
terrperature is from2 Cto 8C. Another preferred tenperature range is from
15 Cto 25 e dry conposrtron of rhGH pol yner prodrug according to the
pr esent |nve\§:fh I'ses o or nore Iypprotectants Exepplar
| yopr ot ect ant c* gat®, such 39 Ras sucrose;?r tren@R am no acids
such as nonosodi ntglu amat e Nmmﬁpaﬁzk%gﬁ ar gi %e{\néfhgﬁﬁntnes such as
bet ai ne; Iyotroprc salts such as magpesi u sul fate; pol yol s such as
trihydric orwhrgheg ugar al cohol s, e.qg. egcerin erythritol, glycerol,

xyk

arabi tol, Litol, yso ol , h&n nitol; ehthyl egg gl coI propylene

gl ycol ; \Fye\ﬁA*ené<gl coI prﬁ?ﬁ gs; hy r% aIkyI aNch s, e. @R R"
hydroxyethyl starth (HES), and°co atfoms\t eof P@ef bth\@4ﬁa><E;

| yoprot ectants i nc| ude_sugars, such as suerose or trehal ose; am/po acigls
such as nonobodrun% amat e hi stidi ne; nethylam nes such as betai ne;

| yot ropi ¢ sﬁtgs\sU\h as’ magh es#h Ifatez olRjol s such as trihydric or

hi gher suga | cahol s, oe g. glyc rrmk/eayTh?K;Pt, gl ycerol, arabitol, 5
xylitol, sorbitol, and nnrtoI eht hyl ene gI col ; propylene gl ycol ;
ponetherneregcohr ur oni cs; hydroxyah*yhmstarches e.g. hydroxyethyl
starch (HES) ngkpatrons th@re . The orefrerred P Fbtectant IS
a non-reduci su ar such as tr §e dr sjucr o \£§espep trehal o
se. The Iyoprotectant is prefera dbed t& the conposrtrpn bef re the
drying step in a "lyoprotecting anmount”™ which nmeans that, follow ng drying

of the protein prodrug in the presence of the Iyoprotecting anount of the
| yoprot ectant, the protein prodrug 15essentially retains its physical and

g(r)l(ragog?t i 253’ gr%if]lf ktf’yt %dﬁﬂ@ﬁ@drﬁ»&gﬂ?t %ea%ﬁ’e gerﬁf q{t &ntion nmay

cont aif oie, )é?rhawartleemmmgmhélca@equeents used in parenteral conpositions
may 20 be categorized as, for exanple, buffering agents, isotonicity

nodi fiers, preservatives, stabilizers, antr-adsorptron agents, oxidation

pr ot ect i ofiverymaresprefsredtlney. iasslpetedhfrgmabhearoyp crpvEEof i n sone cases, one
exci pient may have dual or triple functions. The dry conposition nmay
contain one or nore than one of the follow ng excipients: 25(i)Buffering
agents: physiologically tolerated buffers to maintain pHin a desired
range, such as sodi um phospha bicarbonate, succinate, histidine, citrate
and acetate, sulphate, nitrate oride, pyruvate. Antacids such as
My(OH)2 or ZnCCB may be al so uk ed‘ Buf feri ng capacity may be adjusted to
mat ch the conditions nostsEHSFprve to pH stability 30(ii)lsotonicity
nodifiers: to mnimze pain that can result fromcell damage due to osnotic
pressure drffer s at t he Qgiﬁction depot. G ycerin and sodi um chl ori de
are exanpl es. e conc ations can be determ ned by osnonetry using
an assuned \snolalrt of | 285-315 nol /kg for serum (iii)Preservatives:
nultrdose/panenweral prépa(xmroms require the addition of 35preservatives
at suﬂjrcrent cencentration Up mnimze risk of patients becom ng infected
regul atory requirenents have been
esllin Iuae m cresol, phenol, nethyl paraben,
et hyl par aben, prowy par aben y paWaben\\chIorobutanoI benzyI al cohol ,
phenyl ner cdt-ie~Qit , thi \ Yor bi ¢ acid, potassruntsorbate benzoi c
aci d, chIorocreﬁoI and benzalkonruntchlorrde (|v) Stabilizers:

St ab| | isation i s‘hr gved by eng)t heni ng of the protein-stabilising

est abl i shed. Ty al preserv

forces, by dest i sation of en tuned state, yor by direct binding of
5 excrprentp to rot ein. ab iers may be amno_aci gls. such as

al ani ne, argini-ne; aspartic aefg, glycrne hisnst e n eg/Tysgne, proline,
sugars such as glucose, sucrose, trehal ose, polyols such as glycerol
mannitol, sorbitol, salts such as potassi um phosphate, sodi um sul phat e,

chel ating agents such as EDTA, hexaphosphate, |igands such as dival ent
metal ions (zinc, calcium
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10 etc.), other salts or organic nolecules such as phenolic derivatives. In
addition, oligoners or polyners such as cycl odextrins, dextran, dendriners,
PEG or PMWPo@niipreisani ne or HSA may be used (v) Anti-adsecpiErosnoacend S:
Mainly ionic or ion-ionic surfactants or other proteins or soluble polyners
are used to coat o adsorb conpentitively to the 15 inner surface of the
conposition's or gonpositjfon's cotainer. Eg, poloxanmer (Pluronic F-68), PEG
dodecyl etheg/tBMN | ysor bate 20 and080, dextran, polyethyl ene

gl ycol, PEG Wol yhi stli di ne, BSA and HSA and gel ati nes. Chosen concentration
and type of excipient depends on the effeggt 3¢ avoi ded but typically a
nonol ayer o surfaftant i fE%NEd at the &nt ce just above t

val ue (vi) - Cryoprod < DAr ™vg hreeze- SPr ay, a4my PP
counteract the destabilising eﬁ@ﬁgﬁj cause® by hydrpgen bomd break
wat er renoval . For tﬂ”§ pur pose sugars and pol yols nmay be (sed but
correspondi ng positive effects have al so been observed for surfactants,
am no aci ds, non-agueous 25 solvents, and other peptides. Trehalose is
particulary efficigent at reducing noi sture-induced aggregati on and al so
i nproves thermalo |1ty potentially caused by exposure of protein

hydr ophobi ¢ gr%hgiﬁégsﬁgﬁfr. Manni t ol and sucrose nay al so be used, either
a

i ng and

as sole Iwgké?yo or in conbination with each ot her where higher
rati os of mannitoljsucrose are known to enhance 30 physical stability of a
protein in a dry conposition. Mannitol may al so be conbined with trehal ose.

Trehal ose may al s conbi ned wi th-.sorbitol or si': tol used as the sole
protectant. . Starc . starch deriﬂﬂ! ves may al so he W~ed (vii) Oxidation
AS ?SQQLQLQ\a-'dp ectoi ne, 35

protection agents: -antfi oxi dants sug
met hi oni ne;—ghutaihiefe, mpot hiqgitygero rin,"pofyethyl eninine (PEl),
1.ng agents” such Bus citric acid, EDTA

propyl gallate, vitam n E, @helaf
hexaphosphat e, thi oglycolic acid tziji) Q her auxi ry agents: such as

wetting agents, viscosity nodifie ‘anti biotics. ds.and bases such as
hydrochloric\acid and -pdiun1hydro,|dq‘ére auxiliary agents necessary for
pH adj ust ment Nduri pg-genuf-geture. 5.4 R one”enﬁbdfhpﬁﬁa f the present
invention, the dry,.conposition of).rhGH polynbr prodrug is provided as a
singl e dose, neaning that the the container conprising the dry conposition
of rhGH pol yner drug conprises one therapeutic dose. Thus, in

anot her aspect se<present invention the conposition is provided as a
10si ngl e d@se conposjtion. I n another enbodi nent, the dry conposition of
rhGH polyn%fvﬁ?ddrﬁg containg nultiple doses, neaning that the container
conprising the #dry conposjti on of rhGH pol yner prodrug contains nore than
one therapeutic dose. gfably, a nultiple dose 15conposition contains at
| east 2 doses, s .as om.2 to 12 doses of hGH pol ynmer prodrug and
preferably at | east doses. | Thus, lin another aspect of the present

i nvent i on 'the canpasiti on i€ 6vi-ded as a nultiple dose composition. 20 In
a further aspect) the conpositj-on according to the present invention is
characterized in that it contains one or nye. additional biologically
active agent€x«ither in it3yffee formor asYa prodrug, and wherein the one
or nore additional biologically active ageg %re selected fromthe group
consi sti ng | &F-1, ghr 5 conpounds, gonadotropin

r el easi ng “agrrRyue _agons Nar~ap fnpne rel easi ng factor
and anal ogs, ggnadal ant i andr ogensp non-steroi dal aromat ase

i nhibitors, H V combination t erapy, free fatty acid regulators , anabolic
steroi ds, estrogen agoni st)s/ § |, appetite suppressants
ost er opor osi gk [ I;Ew Y ’ formati on agents,
estrogens, 30 parat hyroi‘d hg ;ﬁ'-s, and sel &t ept or nodul at ors,
and/ or ant ' [ h as insulin, thraztlidi nedi ones, sulfonyl
ureas, in i<s, meghNitinides, <biguapndes, al pha-gl ucosidase

i nhi bitors and anyliﬁqanaldﬁues. qudrug§ used for additional biologically
active agents 8re pre*erably al so transi ent polyner prodrugs and especially
prodrugs as described herein for rhGH Preferably, the additional
35biologically active agents are contained in there free from Prior to
applying the dry conposition of the rhGH pol yner prodrug conposition to a
patient in need thereof, the dry conposition is reconstituted.
Reconstitution can take place in the container in which the dry conposition
of rhGH polyner prodrug is provided, ®uch as in a vial, syringe,
dual - chanber syringe, anpoule, and cartridge, or the dry conposition of
rhGH pol yner prodrug may be transferred to a different container and is
then reconstituted. Reconstitution is done by adding a predefined 5 anount

Y T b o I 1 T 1 I T 1 oy 1 T
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15r hGH pol ynmer prodrugl0-300 nmg/ m succinic aci d5-50 mM trehal ose

di hydr at e25-850 ng/ M, and has a pHranging frompH 4.5 to pH 6. 20More

pr ef er ablwo 2bh@78Baonst it ut ed conposition conpri ses r hGACp®EPYO®N69710
prodrugl0-300 ng/ m succinic acid5-50 nM trehal ose di hydrat e30-150 ng/
and has a pHranging frompH 4.5 to pH 6. 25 Even nore preferably, the
reconstituted conposition conprises rhGH poly rodrugl0-300 ng/ m
succinic aci d5-50 mM trehal ose di hydrat e50-100 v~ 30and has a pH
ranging frompH 4.5 to pH 6. Most prefeFEny, t e rleconstituted conposition
conprises rhGH pol yner prodrug30-60 ng/ mNsutejmig @ci d10 mM 35t r ehal ose

di hydr at e70+ 85Hng/n1 and has a pi rangi frompH 4.5 to pH 5.5.

Optional ly constitut ed %o tion conprises one or nore
preservati antim croby i onal ly, r econstituted
conposition g0 I ses one or no exci pi 5 _>reconstitution, a

si ngl e dose conposition of rhGH pol yner pr odrug has vol une of not nore
than 4 nl, such as fmom abauf > 075 1o aboqu?“?ﬁﬁf“oln a reconstituted,
nultl-dose conp05|t|dn of rlhGH pol yner pr ug|veach dose has a 10 volune
of not nore than 4 , such as fromabout 0.5 to about 3.5 ml. The

i ndi vi dual ther ai c, doses of such nultiple do orrp05| tion of rhGH
pol ymer p rug cay ]\her be used for different\patNents in need thereof
or can be uged _foriong patient, whereas aftler the QL ication of the first
dose the remafni Ng doses are stored unti o the latter case, the
reconstitut rh@H pol yner prodrug is stable fq# at | east 152 weeks,

preferably for at st 4 weeks, nor e prefer.o for at |east 6 weeks,
when stored at 2- Pneferably, hGH polyner g is sufficiently
dosed in tﬁe\conpo n my

<NJAIA S <Nj ..... o © C\N\/\N
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provi de therapeutically effective amount of hGH for at |east three days in
one 20 application. Mre preferably, the one application of the hGH pol yner
prodrug pwownt@g3sisher apeutically effective anpbunt of hGecT@mP26100697d@YS,
even nore preferably for five days and nost preferably for one week. In
anot her aspect of the present inventjion the conposition_is conprised in a
contai ner, 25 suc {hitzl syringe, QUaI chanper syr ngqﬂ a ouIe and

cartrldge*\ refer rgfuﬁuy> -QH&QDE$\ peC|aIIy
the dry conp03|t|on according |to thekg/es nt’ |nvent|on |s prOV|ded in a
n

first chanber of tH& dual - chanber syrPnge and reconstifution solution is
provided in|a secoﬁh chanber of the dual -chanber syringe. 30 Another aspect
of the presbnt B¥r_i’s<a method of manufacturing a conposition
according to the present invention, conprising the steps (1) adm xing
the rhGH polyner*grodrug w%th one or nore |yoprotectants d_optionally one

or nore excipients, H | (ii) pransfenring amount %ﬁ the m xture
from step 4Ny ey H&EJthQNEMGSN . 0 &xﬁ@-édrﬂo sui tabl e
(

chanbers of a connalner iii) drying/lthe m xture, and (kv) sealing the
container. Preferhily, t € nethod of Ha@ufactublng a conp ion of the

pr esent |nvént|on anlse t he | teps of (i a t he pol ymer
prodr ug mnf"¢4/ﬂmaﬂgs€ dphgik ﬂﬂﬁké¥S/ﬂt+d queLdbgﬁZonp05|tlon

conpri sing 5rhGH}ponner prodruglo BOQ mgi M succinic aC|%5(BO nmM tr ehal ose
di hydrat e25-850 ng/ m ,g{ii) adjusting the pH of the conp05|tbgn of step (i)

to a pH ranging fron1p 4.0 to pH 6.5 wityrtris, 10(iii) transferring
anounts of the mxtur€ fromstep (i) equivalent to the dez!igd nunber of

dosages into suitablé chanbers of a container, (iv) dryin he m xture, and

(v) sealing the O t aryrer ;0 wher eas the g$rcpf st eps Q#I and (®ii) may be
changed. 15-Preferabl conposi nﬂn i step NPIN.S€E pol ymer
pr odr ug104300¥ ny Qﬁ%@ifﬁ%ﬁ {EEFG\SG hE(ﬂré#é+ %Ll |hydrém€é5“?§g ng/ m .
Mor e pref y, theOconpOS|t in steg (i) co es rhGa pol yner

pr odrug30-60 nmg/ m %&gCInIC aci d10 nmMdg ehal ose di hydrate70-85 ng/m .

&M &M

¢?Y % oy

|
.
g e @
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(6]
| '\\l © |
* H* H

wherein R has the meaning as indicated above.
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The nunber of chanbers may depend on the nunber of dosages. If only one
dosage is intended the container may conpri se one, two or nore chanbers.
Pref er ablwo 28t1ep3f34i i ) i s done by |yophilization. 30 PreCemebiypeimot he
met hod descri bed above the container is a dual -chanber syringe having a
first chanmber with the m xture conprising the hGH pol ynmer prodrug

?OFFOSI tian leatsﬂ'tﬁler(ﬁp %ﬂ)uﬁ)ﬂﬁdlﬂ@’enqgmpﬂacsd bg atgﬁeuISLéZ bif case more than one I
illing a_secqgnd, chanbe t tit S tro 35seal i ng
the. cont aFRGPL Hhdtmar hehet o GRRTE N MRS R S GBRT ot £ 201 on
devi ce |soslwr®pbgr®prlypbcﬁemmeut syringe then the kit may conprise the
syringe, a needle, a vial contarnrng t he reconstrtutron solution, and a

vi al or anpoul e cqntai ni ng the dr){1 yner  prodrug conposition for use
with the Bygosid. S ggnibssubytijuted pathli +Z g arrryamseloe@@ﬁrtrf@é%t@ rgplpeAYCievi ce

for the n@ﬁﬂieehyﬂ%%‘eh B aiked viths ¢l a&t@nﬂ@@l e fefM@he Tab@v&@’@@ibﬁbt}?f g tsise to
m)re hern device is

pr event r.ef odr ment s ction

ot ner e oL TR S I HECTRIV LD & Rt OEEhPERE (o Rbr i <
adapt ed t furthegamepwhidiritduegivej le;ethecdeﬁd&mnmé RsarchRt toak® am rejdecet g 1% qui d
conpositign in the container is in fluid connection with the outlet of the
i njection device. Mdst preferably, the separate 10 container is a

dual -Thanber syringe. Exanples of administration devices include but are

not |im tPﬁ‘rtﬁéi‘mB)’eO@dﬁ{aSF'b% o%ﬁ&hﬂ@%ﬁﬁ%u@&ﬁuﬂeﬂ] l%%eﬁéraﬂ%ﬂiz ‘s‘@cﬁthﬁ{ 1tnh§U| arly
preferred I njection devices are’the pen injectors In which case the

cont ai ner 0§ ysed ag %rtarsrﬂbf‘g@ea"ﬁg%?’@?‘éblle)}s %Ptd‘rf@ﬁﬁgabl e cartridge. 15 A preferred
kit of parts conprises a needle and a container containing the conposition
accordi ng,t

t t t ti | Iy f
"econst 1 CBTBHO LRl doRore R PR APAGHO BB S r‘e%%%ﬁmé”f&i‘% e
needl Br Pthef graipl yconmstmgcoﬁtlmlmn iSNa (EKD@IR c eC(@ i r@(é))NZE ﬁ)

dditi f t ti | 4b
i ni ot rS(TRRASR'Y  SIORRRCREE, SORXY LSS, 2 MR 1SR “@‘&’S%;?t oY The
rhGH pol yN\éR ﬁsr)edrN@zocor%Q)Rr oonI\KBr)Clﬁ@ﬁ%r&m AV (et ﬁlﬁdﬂ@)

I nj ect i onNgr®)CRbyRON R9')G eWéR@RPtr)t 0@@@5}@@9119&?@0@ ;ara Sro ratkreﬁgmscul ar,

i nt ravenous nt.rao ap eriton er .aspect 1s a
met hod of Ofp%%ﬁ‘fyﬁ‘éf REdBS lfmqf&} @@)rrr%’éan eﬁdé“éﬁr)r‘?gmﬁ@feopﬂona y
t her agteut kubatituyeded ftk oht ve neTE WL, vafficta archiGt s@mb Yirgli ffgemcindgyhaveia @rs, mor e

| yopr ot ectﬂa(nlt and nor e i@na?l 11g;[eut It(e: |b|P{y accept abl e

exci pi ents, Whersi i etonpfe grog%lfﬁ0 %E?’Ir%l ne” | ¥ Eht IR kK&t Po mor% | ymer
carrier, gMpmlmw Bowahpgigiprgnsiengse &P, 63‘(0)@0n06,c,=10(6g tHEORGRPOsi tion of

t he pr eserg( &r}y@mtr 0R (3\51\;(;{1 stg(y)t q\r‘(nggwl)rclgﬁn@S otﬂeﬁllespect is a

reconstitute OSI jon clzrrprr Sl thera Yy éf f éctive anount of

a rhcH popﬁ@? pr odN(y, VB or Nﬁﬁfég( )@prot dﬁ(@ andNOpt 1IGAOEY one or

nor e phar NeR q?ami(]ky )&Qﬁ@p@@@(l)pq(@%mlﬁﬂ)ents wherein the growh hornone is
transrently I|n ed to a polyner carrier obtainable by the nmethod above. In

one enbodi nent of the present invention the dry conposition of polyner rhGH
prodrug dB&sRHOR™cimé yndepemichsp selectbGtopothyneoupradistigg of H;ylpndt@ct ant  and,

t |1 | | t
ot et s, VT RGe MORIEoEEE L LURPT. wBHbinZE o0 SLEN, €1 MRS Rl GG 1
active rmﬂleils’mésarar@tloﬁdiy exntipited vBth Gpe Drghemsl Rn, o‘r‘hlfgih red the- Ba,nkfe or

compoynds ;A ARbET €l SASIN OL MRS ANHLT, Y eﬁtryﬁﬁ, afcObpRaIp! e,

triptorelin or ant i andr ogen, Such ag, for ex C proterone
ar omat ase RIS B e araere gEous 5¢ eetﬁ@u%rrbthe |g&qpc9£6rlém1&rﬁ -E6MPat i on

t herapy foee f@EDYHY ag(((j)N(Rglgl at-g(o)zg([gl )-ACIPONRIR 'Apabd(0F, - steyoy4, -eg
e o NI 202N TR R o o esoent
NR'"S(0)-; -NR"HC(0)0-; -NR"™YC(ON(R'™-; and -OC(O)NR"'R'™);
35
T is selected from the group consisting of phenyl; naphthyl; indenyl; indanyl;
tetralinyl; Cs.j0 cycloalkyl; 4 to 7 membered heterocyclyl; or 9 to 11 membered
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If the dry conposition of hGH polymer prodrug of the present invention
conprises other biologically active noieties in the formof a prodrug, then
it is pravenoad7sizat said other biologically active noi eCTEP2@0869710
transiently linked to a polyner. It is also 20preferred that the transient

| i nkage conprises any of the before described linkers. In an alternative
enbodi menhetetobeytlyGHivipotiv s eptadally seaniposd tiithromeoaoneicnR'’t whichearpr esent

i nvention %%aconbhﬂfdm%jth a second biologically active conmpound in such
way t hat Fhe TREGH pé?ynbr prodrug is admnistered to a patient in need
thereof first, 25 followed by the adm nistration of the second conpound.

Al ternatigel vie hiigad A OlXTRY-OF ORGER COTBRST { (AO)R ' astg% RURred to a
patient in need Lhereof after ano herlg%ﬂgﬁﬁﬁd hggdj een_a aﬂﬁgstequ to the
same pati 8f2NR R Dy SEORHB! & 1 8O di > NAR S pdYRe T Bn JoPRdEy rhaH
pol ymer preRPRE*hascLhOG@)Rlt oMrig)QOIRUST NRIT)doased: on( R Om'a wei ght
of the co siti 12af 2 2Redr - 92 1% W) succinic

aci do. 1- 1&?@ S}é@% t &af@?éﬁ%%pﬁ{ %Sraﬁgioﬁg&di%ygréf}tléw ?l%@%we(‘w w)

35t ri s0. 0C; 2 5lk4Vas( wptiohallVeubatipitef eithlohy or nivec holspas iwhidn aef thd syme bEH

pol ymer pag%&gg has the follow ng conposition (based on the total weight of
the conposition): rhGH pol yner prodrug7.8-85.5% (ww) 5succinic

aci dol0-8.9% (W w) trehal ose, optionally as dihydratel3.6-90.3% (W w)

tris0.03- &5 g% (w12 R12> MOFpRER ARIdted A IMTRBEH okl of i of NGH
pol ymer prodr has the follow ng 1Q§®gﬁ§%|tlon (based on the total weight

g ! .
of the coﬁp@g'lﬁ%ythowwrexnh@s B e PPHP stitgted sWEb,qng/ o) MeTFe BlAR
aci d0. 8- 1wR¥h(an W shimelbalidsesntopti onal |y as di hydrat e52. 4-72. 8% (W w)
15tris0.4-2.3% (W w Preferably, the conmposition of rhGH polymer prodrug as
descri bed above is lyophilized. Preferably, it is lyophilized in a first
chanmbly ofhatctmafintetraptod? neyns thgebetotenmhie barbecondronpasriesertedsof atithed wi t h
reconstituti ' - ' he reconstitution solution
is steril gﬁ%&%geéggé‘% gllghl’ll]il h%“%ggth%r%&gggﬁg%gﬁg%ol , hore preferably 0.9%
bezyl al cohol . I n anot her enbodi nent, the reconstitution solution contains

0. 2- 0. 4% ¢f gsplinglFRh&nREE R |a)é}3£)ce?’. 1Hecgsasak o spht.af BBkdferabRedefined
e

reconstitution solution is fé?;L
u

ter. . . .
as the one or more optiona stltuent\é\%ef?ned above, provided that L? is substituted

20  with Z.

Accordingly, when L? is other than a single chemical bond, L?-Z is COOR’; OR’;
C(O)R’; C(ON(R’R™); S(O)LNR’R™); S(ONR’R’); S(O)R’; S(OR’;
NR’)S(ORNR™R™); SR”; N(R'R™); OC(O)R”; N(R’)C(O)R™; N(R’)S(0)R™;

25  N(R%)S(0)R™; N(R”)C(O)OR"; N(R”)C(O)N(R*R’); OC(O)N(R’R™); T; C\.50 alkyl;
Cys0 alkenyl; or C;50 alkynyl, wherein T; C s alkyl; C,.50 alkenyl; and C,.s0 alkynyl
are optionally substituted with one or more R', which are the same or different and
wherein C, 5o alkyl; C,50 alkenyl; and C,_s¢ alkynyl are optionally interrupted by one
or more groups selected from the group consisting of -T-, -C(O)O-; -O-; -C(O)-; -

30  C(ONR'")-; -S(0):NR')-; -S(O)NR')-; -S(0)2-; -S(0)-; -N(R'HS(0).N(R')-; -
S-;-N(R'™)-; -OC(O)R'; -NR')C(0)-; -N(R')S(0)2-; -N(R')S(0)-; -N(R')C(0)0-
; -NR'HC(O)N(R')-; and -OC(O)N(R''R'?);

R’, R R” are independently selected from the group consisting of H; Z; T; and C;_s¢
35  alkyl; Cyso alkenyl; or Cys9 alkynyl, wherein T; Ci.so alkyl; Cyos0 alkenyl; and Cy.so
alkynyl are optionally substituted with one or more R'’, which are the same or
different and wherein C;so alkyl; C,s0 alkenyl; and C,s0 alkynyl are optionally

interrupted by one or more groups selected from the group consisting of T, -C(O)O-; -
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25 Any of the above described conpositions of rhGH pol ymer prodrugs are
used for treating or preventing diseases or disorders, which can be treated
by rhGH, wochiagsgaowt h hor none deficiency (GHD), adul t pomsrbo1gnewtd

hor nrone deficiency, Turner syndrone, Prader-WIIli syndrome, short bowel
syndrone, chronic renal insufficiency, small for 1?ﬁgstati onal age (S®&A),

Al DS wast Dag, -GAOY4; - agEDNIR Hhe uBBD N ‘A5 he3(O)S(R'3P; | H(opat hiscOsal |

stature, n e, hogeo igene 01a{.0pAa A (s al so
short st aﬁzglelssa@é%ﬁé' atl)?'d \gv?t ﬁeﬁ ga'l’oﬁggugg%ltl er 6Wug§e(?))7&af?§{<§;g%g0j§9nar one,
anong ot hd¥R! O30 -NRTNUBIO0ar-NR YOV (R Ealand - QEHIN(R] W/ENi | e r heumat oi d
arthritis; cystic fibrosis, 35 HV-infection in children receiving HAART
treatment (H V/HALS children); short stature in children born with very |ow
birth Wwei gtk palewey fm theyrowk coasistingg 9§ gihgayla: naplihsk nivdemdp indansl;

aChOPd{ Op{eﬁ’gii@l; icdi,pR lbélﬁ}[z@gpfd 7sﬁ%ﬁ1:%@d]gﬂe€§b¢yc%§ﬂpoi L) &ﬁllhtr_ﬁémf)ér@‘ft ures in
or of lon ones,. su as tibia, fi a,  femur, humerus,radi us, na,

o avi cul afctiaPEsdbatrdas in o Cauly e Tt ppot TPER B B Ehongi ous
bones, susdmaer differcatul |, base of hand, and base of foot; patients after
tendon or |igament surgery in e.g. hand, knee, or shoul der; distraction

ot eogenesi s; disorders resulting from hip or discus replacenent, meniscus

repai ¥0 sBinas ;ubilogen; o NpraonésOy CORR' zorO,Ré;_ SUOPRAs GINOR "Rigk, hi p,
oot sosynt LRPRMR REDELONREN"FI SO SOIRY MRDIDYREIMR S Ik %

ost eosynt hesj,sjyaterial ., such, as nai rews,,and pl,ates; non-union or
mal - uni onNé?bR;ngt NPes ;O(Eﬁ@gr@dewéﬁh r@)-fs(@]ﬁi %gNKRgﬁ@IRelga'é ON{Pal,E])SéQB{HIZﬁ rom
tibia or AgR")O@)O®'EoNdRNFCI0INR PIRIY)f OO IN@ IR 'Pixpbra0 ] pblicpn whakdih cul ar

til t [ d by t t. tis; t [
' pat  an e A Rby M pRRGHETBE Cag Bert ey Befon SV idh e B sER AL ancs 1 n

chronit diddfeysits (APCD); nmalnutritional associated cardi ovascul ar di sease
in APCD; reversal of cachexia in APCD;, cancer in APCD; chronic abstractive
pul nonal di“s%%e ‘iTZn APCD, H'V in APCD; elderly with APCD; chronic liver

di sease i B ABCD Rf aRi"gle” synthdeprndent lynmtoteddron thasgrape eensesting wp &k Zed | i ver
function; ofrel eaiIM, tubhedil @ Nf A4 BPioRMYr fubRAURH WHNEREOFE MoSERAIbSN, Obesi ty;
15 HI V-associ ateqﬁ i od%/ trophy syndrome (HALS); male infertility; patiens
af ter maj BNIBaE theyang g é’é N3l cohol / drug detoxi fication or neurol ogi cal
traunm®) aging; frail elderly; osteo-arthritis; traumatically danmaged
cartilage; ergectile dysfunptipn;,bil ahgl a2.menory, di sorders;

depr essi oR%OVf(feglﬁlﬁaattoln Xifr{aiqﬁ ’ilﬁj’uRry’;I?s’u ar’gch;lﬁoi trlﬁghalg)r?brrhage; very | ow
birth weigth; netabolic syndrone; glucocorticoid nyopathy; 20and short
stature due to glucucorticoid treatnment in children. Fig. 1 gives the
sequence of hGH, using the 1-letter code for am no acids according to

| UPAC- | UBEKpibmAra seferad gerasyrirampatiq siciuses g ligled belppg. 2 shows exenpl ary
structmure 1 of type (AAL, AAAl), where the at least 5 kDa 25 pol yner chain

of S conpyi si BS' and BS2 is marked as. SO fthe carbamate group
Cesul 11 moP RO oS A6 ROV Ryt A GOuE: B hiofSuidARed as Lo BS
conprises the at |least 4 kDa polymer chain marked as Si, wherein Si
conprises B53, which conprises the at |east 4 kDa pol yner chain marked as
S3. B52 conpriges the at, | east 4 kDa pol yner chain marked as S2. 30

Exanpl es Exanple 1: Syiﬁgesi s of hCGH pol yner prodrug hGH pol ynmer prodrug
(1) with c-50Q[wa nt Resi zed as described in WO- A 2009/ 133137. 5 Exanpl e
2. StabiliR4y teStimg MNf céhpositions containing hGH pol ymer prodrug Five
different |lyophilize £0 positions (C, C2, C3, ¢4, and C5) of hGH pol yner
prodrug were prepared. Each conposition contained anounts of hGH pol yner
pro drug 1 to yield S ion of 5 ng/m after reconstitution.

Forrul ati ons were 10 pl & pright in an incubator set to 40C 75% RH.
After 17 days, one vial ormul ati on was renoved fromthe respective

i ncubat or, reconstituted erile water for injection and subjected to
anal ysis. hGH pol yner pragdrug (nl\li;LerC),HBuffer Base pH

PEG—X O

(A)’
30
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Trehal ose (nmg/ ) Mannitol (ng/nL) dycine (nmg/m) A 5 Succinic acid (10
mv) Tris 4.0 92 - - C 5 Succinic acid (10 M) Tris 4.0 10 40 - C3 5
Succi ni ¢ woi2d11(o83aV) Tris 4.0 - 46 20 4 PCT/EP2010/069710

wherein in formula (A)

NH-rhGH represents the thGH residue attached to the transient linker by forming a

carbamate bond;

5
R1, R2, R3, R4, and RS are selected independently from hydrogen, methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, tertiary butyl,
PEG represents a PEGylation residue attached to the transient linker,
10

andn=1or2, and
X 1s selected from C1 to C8 alkyl or C1 to C12 heteroalkyl.

15  Preferably, the moiety
PEG—X—+

of formula (A) has the following structure

o %o

S H
IR ST e
WJ\N O (@]

~T D
H
N N o A~
~N o) c >
d \/\n/
O J
wherein each c is independently an integer from 250 to 750, preferably an
20 integer from 300 to 400 and more preferably 500.

The term “C1 to C12 heteroalkyl” means an alkyl chain having 1 to 12 carbon atoms

which are optionally interrupted by heteroatoms, functional groups, carbocycles or

heterocycles as defined above. The term “ C1 to C8 alkyl” means C; s alkyl as defined
25  above.

In a preferred embodiment, in formula (A) L* is represented by the carbamate group

attached to rhGH, G" is represented by the aromatic oxygen group, the carbonyl

attached to it, and the substituent attached to the carbonyl as shown in formula I
30  below.

42



5 Succinic acid (10 mMM Tris 6.0 10 40 - C5 5 Phosphate (5 mVM) Sodi um
hydroxide 6.5 10 40 - WD 2011/073234PCT/ EP2010/ 069710 Vi sual inspection
bef or e/ afwerorigemstitutio n Free hGH, %of total integracedraseacdos free
hGH peak Peptide mapping (% inpurity) isoaspartate Peptide mapping (%

i mpurity) succinimde Peptide mapping (% inpurity) deam dation Peptide
mappi ng ( Mdrepuefeiry] souectdasi @8 gdenl by geheahifdenda 15 whickOhte part of the

structure (A) within the general aromatic linker structure above:

R5
N Yy
R4” Mf\w/
R

1

5
Formula 1
and where preferred examples of formula I comprise:
/N\/\N/
|
SN~ \N \
\/ \/\N/
|
B
\N/\/\N/
| | \T/\/\N
N/
\N/\/\N\X‘ |
|
10

More preferred aromatic structures of formula II, which are part of the structure (A)

15  within the general aromatic linker structure above:
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1.89 (t=0); 1.75 (t=0); 2.0 (t=0); 1.25 (t=0); cake/clear colorless 0.35
(t=17d) 3.22 (t=17d) 2.79 (t=17d) 1.9 (t=17d) 1.64 (t=17d) C2 Intact white
0. 14 (t=0yp2011823034=0); 2.24 (t=0); 1.8 (t=0); 1.39 (t=@rI/EPc@k@bchear
colorless 0.51 (t=17d) 5.68 (t=17d) 5.08 (t=17d) 1.8 (t=17d) 1.65 (t=17d)
C3 Intact V\/niée 0.11 (t=0); 1.79 (t=0);

A

R2 R3

)'OL
\ rhGH
"0 N

H

Formula II

and where preferred examples of formula II comprise:
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2.23 (t=0); 2.0 (t=0); 1.25 (t=0); <cake/clear colorless 0.65 (t=17d) 8.69
(t=17d) 8.09 (t=17d) 2.3 (t=17d) 1.22 (t=17d) C4 Intact white 0.39 (t=0);

1.59 (t=0wp201190334=0); 2.6 (t=0); 1.16 (t=0); cake/cl eanr/EroéilonteEss 1. 46
(t=17d) 2.16 (t=17d) 2.19 (t=17d) 2.8 (t=17d) 1.23 (t=17d) C5 Intact white
0.47 (t=0); 1.42 (t=0); 1.69 (t:O)O'

O)J\N/rhGH

H

More preferred structures of formula III, which are part of the structure (A) within the

general aromatic linker structure above, wherein PEG-X is

e
PEG—W
Formula 11

10  and PEG-W includes the following substituent groups:
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3.1 (t=0); 1.94 (t=0); cakel/clear colorless 1.04 (t=17d) 1.94 (t=17d) 1.71
(t=17d) 3.2 (t=17d) 1.90 (t=17d) Exanple 3: Stability testing of

conposi t iwooienssitni ng hGH pol yner prodrug Three differemEeprbyopbizie zed
conpositions (C6, C7, and C8) of hGH polyner prodrug 5 were prepared. Each
conposition contai ned anounts of hGH polyner prodrug 1 to yield a
concentration of Q0 ng/m after ¥econstitution. Fornul ati ons were pl aced
upright in an incybatorg set o 40C 7%% RH and an incubator set to 2-8C,
respectiv?ﬁ/ _ At ,eacC tiWNﬂ, e V‘r/af per fornulation was renoved from
t he respe Q/ cubptor, recdhstituted with sterile water for injection

i
and subjected to anal ysis. hGCGH pol yner prodrug (ng/nlL) Buffer Base pH
Trehal ose (ng/ mg C6 30 Succinic acid (10 MM Tris 4.0 92 C7 30 Succinic
acid (10 mM

O

0
\ o
o_ - _ )k/ ~~<
PEG—NL ~o PEG—N
H PEG
0
S\/W
PEG—N ‘
0
H
PEGTN\/W
0

Further examples of preferred hGH polymer prodrug conjugates are shown below:

0O
\)\'\/\NJ\O

I X
S )k/ hGH

PEG—N H H

)
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Tris 5.0 92 C8 30 Phosphate (10 mV) Sodi um hydroxide 6.0 92 WO

2011/ 073234PCT/ EP2010/ 069710 Vi sual
Free hGH wbt2eri/o13zseeks at 40C/ 75%RH,

hGH peak Free hGH after

(n=2); 0.4 (n=4); 0.7

R

% of t ot al
n weeks at 2-8C,

n=4);
0]

OH H 0
PEG—X\/K/N\)kN/rhGH
H

i nspection before/after

Y%of total
hGH peak C6 I ntact white cake/clear colorless 0.4 (n=0);

reconstitution
i nt egr atred/ERe@a/0bomo f r ee
integrated area for free
0.4 (n=0); 0.6

R is selected from hydrogen, methyl, ethyl, propyl and butyl,

5 Xisselected from C1 to C8 alkyl or C1 to C12 heteroalkyl.

Also in the preferred and more preferred embodiments PEG means preferably the rest
of S°, comprising at least S', $?, BS' and optionally BS®.

In a preferred embodiment prodrugs comprised in the compositions of the present

10

invention are selected from the group consisting of
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0.4 (n=9) 0.9 (n=9) C7 Intact white cake/clear colorless 0.6 (n=0); 0.6
(n=0); 0.9 (n=2); 0.6 (n=4); 1.0 (n=4); 0.6 (n=9) 1.4 (n=9) (8

I nt act whwoeoniakezsel ear colorless 0.7 (n=0); 0.7 (n=0); pcTEPR0100&2Y) 0.7
(n=4);

hGH... j\ swﬁi o O o
\\N/\///\N/\/\OAG:OV\}FO o A0
OWO Ov\ho/

R L

wherein m is an integer from 200 to 250 and n is an integer from 100 to125;

35

@)

I
O/\’\‘l/\/\’\“/

oy o
S
(‘)‘ N/\/\/\/ é/ NWH\/WO o&/ko\

—O

hGH._

o Ovﬁ\o/
36 o n

s H
7 NWN\/\/O OM/O\
n
© o

5  wherein n is an integer from 400 to 500;

i
SR
0 0 : 0
- )‘\ ‘ A/\/\/ NWN\/\” N%Owo\
\” o N o o

ST
s H |

N N N o
" e e
wherein n is an integer from 400 to 500; and

10
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1.2 (n=4); 0.7 (n=9) 1.6 (n=9) Exanple 4: Stability testing of

conposi tions containing hGH pol yner prodrug A |yophilized conposition (C9)
of hGH povemerygsmdrug was prepared. The conposition corcaipredoasorunt s of
hGH pol ymer prodrug 1 to yield a concentration of 5 30 ng/m after
reconstitution. Fornulatlon was placed upright in an incubator set to

40C/ 759%RH. After /ﬁgh t| point, one vial was renoved fromthe respective
i ncubat or, recong{ MW th sterile water for injection and subjected to
anal ysis. hGH poly ngs prodrug (ng/nL) Buffer Base pH Tge ose di hydrate

(my/mL) CO at 4 uccinic acid ( Tris 5.0 85 ual inspection
Free hGH, %f ¢ H
0 0.
hGH\N/H\O M o‘ OW

H

Ovj\\ ~
s 0 o
TN o ~
O/ wo( M;
wherein n is an integer from 400 to 500.

Preferably, PEGylation of the hGH moiety occurs at one or more of the lysines

5 selected from the group consisting of Lys158, Lys145, Lys38, Lys140 and Lys70.
More preferably, PEGylation of the hGH moiety occurs mainly at positions Lys158,
Lys145, Lys38 and Lys140, even more preferably mainly at positions Lys158, Lys145
and Lys38.

10  Preferably, at least 30% of all growth hormone moicties of the composition of the

present invention are PEGylated at position Lys158.

hGH polymer prodrugs comprised in the dry compositions of the present invention

can be prepared by methods known in the art. However, especially for compounds of
15  formula (AA1) it is preferred to build up the prodrug molecule in a convergent

synthesis by providing a first precursor molecule comprising one or more thiol groups

and an activated carbonate group and a second precursor molecule comprising a

maleimide group to react in an addition reaction resulting in the formation of a thio

succinimide group and to react that combined precursor molecule with hGH to yield a
20  compound of formula (AAT1).

Acordingly, a method for the preparation of a compound of formula hGH-NH-C(O)O-

S% (AA1 , wherein S° has the meaning as indicated above and comprises at least one
g p

group
0
J
e

s
25 ©

comprises the following steps:
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Pepti de mappi ng (% Pepti de mappi ng (% Pepti de mappi ng (% Pepti de mappi ng (%
before/after integrated inpurity) inpurity) inpurity) inpurity)
reconsti twbi2on/esmsa for | soaspartate Succini m de Deam daCir@mp2@wiocetio on
free hGH, peak after n weeks (after n weeks) (after n weeks) (after n
weeks) (after n weeks) WO 2011/073234PCT/ EP2010/069710 C9 at 40C
(a) reacting a compound of formula ROC(0)0-S”-SH (AA1”) with a compound

of formula

0
J

EN—S“'
) o :
o (AA2’), wherein R is a suitable rest for an activated carbonate group

and wherein S° and S°" are selected to yield S° comprising the at least one

5 group

o)
J
e

st
© | resulting in a compound of formula ROC(0)0-S°, and

(b) reacting the compound of formula ROC(0)0O-S° with hGH-NH,, wherein
hGH-NH; represents hGH with one of its primary amino groups to yield a
10 compound of formula (AAT1).

Suitable R groups for the carbonate functional groups include substituted alkyl or
carbocyclic or heterocyclic, like aryl or cycloalkyl, groups like the pentafluorophenyl
or NHS group.
15
The stable composition comprised of rhGH polymer prodrug as described above is a
dry composition with a shelf-life of preferably at least 6 months, more preferably at
least 1 year, more preferably at least 2 years, when stored at temperatures ranging
from -80°C up to 25°C, preferably ranging from 2 to 25°C. The preferred method of
20  drying the rhGH polymer prodrug composition is lyophilization.

Thus a further aspect of the present invention is a composition which is dried by
lyophilisation. Another aspect is a composition of the present invention which is
stable for at least 1 year when stored at temperatures ranging from -80°C up to 25°C,

25  preferably ranging from 2-25 °C. More preferably the temperature is from 2 °C to
8°C. Another preferred temperature range is from 15 °C to 25 °C.

The dry composition of thGH polymer prodrug according to the present invention
comprises one or more lyoprotectants. Exemplary lyoprotectants include sugars, such
30 as sucrose or trehalose; amino acids such as monosodium glutamate or histidine or
arginine; methylamines such as betaine; lyotropic salts such as magnesium sulfate;
polyols such as trihydric or higher sugar alcohols, e.g. glycerin, erythritol, glycerol,
arabitol, xylitol, sorbitol, and mannitol; chthylene glycol; propylene glycol;
polyethylene glycol; pluronics; hydroxyalkyl starches, e.g. hydroxyethyl starch
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I ntact white cake, no cracking around neniscus, no | oose pieces, no pull
back fromvial 0.6 0.9 1.0 1.4 (n=0); (n=2); (n=4); (n=9) 1.8 2.0 2.1
(n=2); (rwd2p1fo133) 0.8 0.9 1.2 (n=2); (n=4); (n=9) 4.4peTAP2018/0697F2) ;
(n=4); (n=9) 2.1 3.1 3.2 (n=2); (n=4); (n=9) Exanple 5: Stability testing
of conpositions containing hGH pol ymer prodrug A | yophilized conposition
(C20) of Ht@EBpahy mmbmaﬁ@hsugemas P@eié%lyedhe Ilgszro@emamiﬂchﬂl sagvm ajudied
amount s Ok SRRCbY HRRLOA hobio HPLd BoRRAFER' ERLAR: Of iy
after recShdti it on, e S q Ace ah? I'hcubat or

set to 5+B€thytuiniaes juch @bh@t@meslefotromc Satszsaph asempgmsmnewfammb@plsesaclh time
point, ong Yﬂl%in‘é’aér 'h?gﬂé%’%g% " AEHIE L F@g%ﬂu\/e mna et 1991%%! tuted

with steril tion and sU ted pol ymer
pr odr u% (ﬁ{gl}tﬁ«]_)sogmql,eﬁnd rnannltol chthylene glycol; propylene glycol polyethylene

glycol; pluronics; hydroxyalkyl starches, e.g. hydroxyethyl starch (HES), and

combinations thereof,

The preferred lyoprotectant is a non-reducing sugar, such as trehalose or sucrose,
10 especially trehalose.

The lyoprotectant is preferably added to the composition before the drying step in a
"lyoprotecting amount" which means that, following drying of the protein prodrug in
the presence of the lyoprotecting amount of the lyoprotectant, the protein prodrug
15  essentially retains its physical and chemical stability and integrity upon drying and

storage.

The dry compositions of thGH polymer prodrug according to the present invention
may contain one or more excipients. Excipients used in parenteral compositions may
20  be categorized as, for example, buffering agents, isotonicity modifiers, preservatives,
stabilizers, anti-adsorption agents, oxidation protection agents, or other auxiliary
agents. However, in some cases, one excipient may have dual or triple functions. The

dry composition may contain one or more than one of the following excipients:

25 (1) Buffering agents: physiologically tolerated buffers to maintain pH in a desired
range, such as sodium phosphate, bicarbonate, succinate, histidine, citrate and
acetate, sulphate, nitrate, chloride, pyruvate. Antacids such as Mg(OH), or
ZnCO; may be also used. Buffering capacity may be adjusted to match the
conditions most sensitive to pH stability

30 (i)  Isotonicity modifiers: to minimize pain that can result from cell damage due to
osmotic pressure differences at the injection depot. Glycerin and sodium
chloride are examples. Effective concentrations can be determined by
osmometry using an assumed osmolality of 285-315 mOsmol/kg for serum

(i)  Preservatives: multidose parenteral preparations require the addition of

35 preservatives at sufficient concentration to minimize risk of patients becoming
infected upon injection and corresponding regulatory requirements have been
established. Typical preservatives include m-cresol, phenol, methylparaben,

ethylparaben, propylparaben, butylparaben, chlorobutanol, benzyl alcohol,
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Base Trehal ose di hydrate (ng/nm.) pH after n nonths C20 at 30 Succinic acid
(10 Tris 85 5.1 (n=0); 5C MV 5.1 (n=1); 5.0 (n=3); 5.0 (n=4);
WO 2011/073234 PCT/EP2010/069710

phenylmercuric nitrate, thimerosol, sorbic acid, potassium sorbate, benzoic
acid, chlorocresol, and benzalkonium chloride
(iv)  Stabilizers: Stabilisation is achieved by strengthening of the protein-stabilising
forces, by destabilisation of the denatured state, or by direct binding of
5 excipients to the protein. Stabilizers may be amino acids such as alanine,
arginine, aspartic acid, glycine, histidine, lysine, proline, sugars such as
glucose, sucrose, trehalose, polyols such as glycerol, mannitol, sorbitol, salts
such as potassium phosphate, sodium sulphate, chelating agents such as
EDTA, hexaphosphate, ligands such as divalent metal ions (zinc, calcium,
10 etc.), other salts or organic molecules such as phenolic derivatives. In addition,
oligomers or polymers such as cyclodextrins, dextran, dendrimers, PEG or
PVP or protamine or HSA may be used
(v)  Anti-adsorption agents: Mainly ionic or inon-ionic surfactants or other
proteins or soluble polymers are used to coat or adsorb compentitively to the
15 inner surface of the composition’s or composition’s cotainer. Eg, poloxamer
(Pluronic F-68), PEG dodecyl ether (Brij 35), polysorbate 20 and 80, dextran,
polyethylene glycol, PEG-polyhistidine, BSA and HSA and gelatines. Chosen
concentration and type of excipient depends on the effect to be avoided but
typically a monolayer of surfactant is formed at the interface just above the
20 CMC value
(vi)  Cryoprotectants: During freeze- or spray drying, excipients may counteract the
destabilising effects caused by hydrogen bond breaking and water removal.
For this purpose sugars and polyols may be used but corresponding positive
effects have also been observed for surfactants, amino acids, non-aqueous
25 solvents, and other peptides. Trehalose is particulary efficient at reducing
moisture-induced aggregation and also improves thermal stability potentially
caused by exposure of protein hydrophobic groups to water. Mannitol and
sucrose may also be used, either as sole lyo/cryoprotectant or in combination
with each other where higher ratios of mannitol:sucrose are known to enhance
30 physical stability of a protein in a dry composition. Mannitol may also be
combined with trehalose. Trehalose may also be combined with sorbitol or
sorbitol used as the sole protectant. Starch or starch derivatives may also be
used
(vii) Oxidation protection agents: antioxidants such as ascorbic acid, ectoine,
35 methionine, glutathione, monothioglycerol, morin, polyethylenimine (PEI),
propyl gallate, vitamin E, chelating agents such aus citric acid, EDTA,
hexaphosphate, thioglycolic acid

52



5.1 (n=6); 5.1 (n=9); 4.9 (n=12); 5.1 (n=15); 5.1
(n=18) C20 at
WO 2011/073234 PCT/EP2010/069710

(viii)) Other auxiliary agents: such as wetting agents, viscosity modifiers, antibiotics.
Acids and bases such as hydrochloric acid and sodium hydroxide are auxiliary

agents necessary for pH adjustment during manufacture.

5 In one embodiment of the present invention, the dry composition of thGH polymer
prodrug is provided as a single dose, meaning that the the container comprising the

dry composition of thGH polymer prodrug comprises one therapeutic dose.

Thus, in another aspect of the present invention the composition is provided as a

10  single dose composition.

In another embodiment, the dry composition of thGH polymer prodrug contains
multiple doses, meaning that the container comprising the dry composition of rhGH
polymer prodrug contains more than one therapeutic dose. Preferably, a multiple dose
15  composition contains at least 2 doses, such as from 2 to 12 doses of hGH polymer

prodrug and preferably at least 4 doses.

Thus, in another aspect of the present invention the composition is provided as a
multiple dose composition.

20
In a further aspect, the composition according to the present invention is characterized
in that it contains one or more additional biologically active agents, either in its free
form or as a prodrug, and wherein the one or more additional biologically active
agents are selected from the group consisting of IGF-1, ghrelin or ghrelin-like

25  compounds, gonadotropin releasing hormone agonists and/or analogs, growth
hormone releasing factor and analogs, gonadal steroids, antiandrogens, non-steroidal
aromatase inhibitors, HIV combination therapy, free fatty acid regulators , anabolic
steroids, estrogen  agonists/antagonists, propranolol, appetite  suppressants
osteroporosis drugs including bisphosphonates, bone formation agents, estrogens,

30  parathyroid hormones, and selective receptor modulators, and/or anti-diabetic drugs
such as insulin, thiazolidinediones, sulfonyl ureas, incretin memetics, meglitinides,
biguanides, alpha-glucosidase inhibitors and amylin analogues. Prodrugs used for
additional biologically active agents are preferably also transient polymer prodrugs
and especially prodrugs as described herein for rhGH. Preferably, the additional

35 Dbiologically active agents are contained in there free from.

Prior to applying the dry composition of the rhGH polymer prodrug composition to a

patient in need thereof, the dry composition is reconstituted. Reconstitution can take
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place in the container in which the dry composition of thGH polymer prodrug is
provided, such as in a vial, syringe, dual-chamber syringe, ampoule, and cartridge, or

the dry composition of thGH polymer prodrug may be transferred to a different
container and is then reconstituted. Reconstitution is done by adding a predefined

5 amount of reconstitution solution to the lyophilisate. The reconstitution solutions are
sterile liquids, such as water or buffer, which may contain further additives, such as
preservatives and/or antimicrobials. If the thGH polymer prodrug composition is
provided as single dose, the reconstituion solution may contain one or more than one
preservative and/or antimicrobial. Preferably, it is sterile water. If the thGH polymer

10  prodrug composition is a multiple dose composition, it is prefered that the
reconstitution solution contains one or more preservative and/or antimicrobial, such

as, for example, benzylalcohol and cresol.

The reconstituted composition preferably comprises

15 rhGH polymer prodrug 10-300 mg/ml
succinic acid 5-50 mM
trehalose dihydrate 25-850 mg/ml,

and has a pH ranging from pH 4.5 to pH 6.

20  More preferably, the reconstituted composition comprises

rhGH polymer prodrug 10-300 mg/ml
succinic acid 5-50 mM
trehalose dihydrate 30-150 mg/ml,
and has a pH ranging from pH 4.5 to pH 6.
25
Even more preferably, the reconstituted composition comprises
rhGH polymer prodrug 10-300 mg/ml
succinic acid 5-50 mM
trehalose dihydrate 50-100 mg/ml,
30 and has a pH ranging from pH 4.5 to pH 6.
Most preferably, the reconstituted composition comprises
rhGH polymer prodrug 30-60 mg/ml
succinic acid 10 mM
35 trehalose dihydrate 70-85 mg/ml,

and has a pH ranging from pH 4.5 to pH 5.5.
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Optionally, the reconstituted composition comprises one or more preservative and/or

antimicrobial.

Optionally, the reconstituted composition comprises one or more excipient.

After reconstitution, a single dose composition of rhGH polymer prodrug has a

volume of not more than 4 ml, such as from about 0.5 to about 3.5 ml.

In a reconstituted, multi-dose composition of rhGH polymer prodrug, each dose has a

10  volume of not more than 4 ml, such as from about 0.5 to about 3.5 ml. The individual
therapeutic doses of such multiple dose composition of thGH polymer prodrug can
either be used for different patients in need thereof or can be used for one patient,
whereas after the application of the first dose the remaining doses are stored until
needed. In the latter case, the reconstituted rhGH polymer prodrug is stable for at least

15 2 weeks, preferably for at least 4 weeks, and more preferably for at least 6 weeks,
when stored at 2-8°C.

Preferably, the hGH polymer prodrug is sufficiently dosed in the composition to
provide therapeutically effective amount of hGH for at least three days in one
20  application. More preferably, the one application of the hGH polymer prodrug
provides therapeutically effective amount of hGH for four days, even more preferably

for five days and most preferably for one week.

In another aspect of the present invention the composition is comprised in a container,
25  such as a vial, syringe, dual-chamber syringe, ampoule, and cartridge. Preferably
the container is a dual-chamber syringe. Especially the dry composition according to
the present invention is provided in a first chamber of the dual-chamber syringe and

reconstitution solution is provided in a second chamber of the dual-chamber syringe.

30  Another aspect of the present invention is a method of manufacturing a composition
according to the present invention, comprising the steps of
(1) admixing the thGH polymer prodrug with one or more lyoprotectants
and optionally one or more excipients,
(11) transferring amounts of the mixture from step (i) equivalent to the
35 desired number of dosages into suitable chambers of a container,
(ii1) drying the mixture, and

(iv) sealing the container.
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after n nonths C20 Intact white 1.4 (n=0); 1.9 (n=0); 0.8 (n=0); 4.0 (n=0);
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Preferably, the method of manufacturing a composition of the present invention

comprises the steps of

(1) admixing the rhGH polymer prodrug with trehalose dihydrate and

succinic acid to yield a composition comprising

5 rhGH polymer prodrug 10-300 mg/ml
succinic acid 5-50 mM
trehalose dihydrate 25-850 mg/ml,

(i) adjusting the pH of the composition of step (i) to a pH ranging from pH
4.0 to pH 6.5 with tris,
10 (ii1) transferring amounts of the mixture from step (i) equivalent to the desired
number of dosages into suitable chambers of a container,
(iv) drying the mixture, and
(v) sealing the container;

whereas the order of steps (i1) and (iii) may be changed.

15
Preferably, the composition in step (i) comprises
rhGH polymer prodrug 10-300 mg/ml
succinic acid 5-50 mM
trehalose dihydrate 50-100 mg/ml.
20
More preferably, the composition in step (i) comprises
rhGH polymer prodrug 30-60 mg/ml
succinic acid 10 mM
trehalose dihydrate 70-85 mg/ml.
25

The number of chambers may depend on the number of dosages. If only one dosage is
intended the container may comprise one, two or more chambers.

Preferably, step (ii1) is done by lyophilization.
30  Preferably, in the method described above the container is a dual-chamber syringe
having a first chamber with the mixture comprising the hGH polymer prodrug

composition, the method further comprising the step of

o filling a second chamber with a reconstitution solution before

35 sealing the container.

Another aspect is a kit of parts. In case the administration device is simply a

hypodermic syringe then the kit may comprise the syringe, a needle, a vial containing
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the reconstitution solution, and a vial or ampoule containing the dry hGH polymer
prodrug composition for use with the syringe. Optionally, the kit of parts comprises a
safety device for the needle which can be used to cap or cover the needle after use to

prevent injury.

In more preferred embodiments, the injection device is other than a simple
hypodermic syringe and so the separate container is adapted to engage with the
injection device such that in use the liquid composition in the container is in fluid
connection with the outlet of the injection device. Most preferably, the separate
10  container is a dual-chamber syringe. Examples of administration devices include but
are not limited to hypodermic syringes and pen injector devices. Particularly preferred
injection devices are the pen injectors in which case the container is a cartridge,

preferably a disposable cartridge.

15 A preferred kit of parts comprises a needle and a container containing the composition
according to the present invention and optionally further containing a reconstitution
solution, the container being adapted for use with the needle. Preferably, the container
is a dual-chamber syringe.

20  An additional aspect of the present invention relates to the method of administration
of a reconstituted rhGH polymer prodrug composition. The rhGH polymer prodrug
composition can be administered by methods of injection or infusion, including
intradermal, subcutaneous, intramuscular, intravenous, intraosseous, and
intraperitoneal.

25
A further aspect is a method of preparing a reconstituted composition comprising a
therapeutically effective amount of a rhGH polymer prodrug, one or more
lyoprotectants and optionally one or more pharmaceutically acceptable excipients,
wherein the growth hormone is transiently linked to a polymer carrier, the method

30  comprising the step of

e Contacting the composition of the present invention with a

reconstitution solution.

35  Another aspect is a reconstituted composition comprising a therapeutically effective
amount of a thGH polymer prodrug, one or more lyoprotectants and optionally one or
more pharmaceutically acceptable excipients, wherein the growth hormone is

transiently linked to a polymer carrier obtainable by the method above.
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In one embodiment of the present invention the dry composition of polymer rhGH
prodrug does not only comprise a thGH polymer prodrug, a lyoprotectant and,
optionally, one or more excipients, but also other biologically active moieties, either
in their free form or as prodrugs. Such biologically active moieties are, for example:

5 - IGF-1

— ghrelin or ghrelin-like compounds,

— gonadotropin releasing hormone analog such as, for example, triptorelin or
antiandrogen, such as, for example, cyproterone acetate or non-steroidal
aromatase inhibitors, such as, for example, letrozole

10 — HIV combination therapy

— free fatty acid regulator, e.g. acipimox

— anabolic steroid, eg oxandrolone

— estrogen agonist/antagonist

— propranolol

15 — appetite suppressant, e.g. sibutramine

If the dry composition of hGH polymer prodrug of the present invention comprises

other biologically active moieties in the form of a prodrug, then it is preferred that

said other biologically active moicties are transiently linked to a polymer. It is also
20  preferred that the transient linkage comprises any of the before described linkers.

In an alternative embodiment, the thGH polymer prodrug composition according to
the present invention is combined with a second biologically active compound in such
way that the thGH polymer prodrug is administered to a patient in need thereof first,
25 followed by the administration of the second compound. Alternatively, the rhGH
polymer prodrug composition is administered to a patient in need thereof after another

compound has been administered to the same patient.

In a preferred embodiment, the composition of dry thGH polymer prodrug has the

30 following composition (based on the total weight of the composition):

rhGH polymer prodrug 1.1-92.1 % (w/w)

succinic acid 0.1-14.4 % (w/w)

trehalose, optionally as dihydrate  7.3-98.7% (w/w)
35 tris 0.01-25.4% (w/w)

58



5.1 (n=12); 2.7 (n=12); 1.4 (n=15); 1.8 (n=15); 1.3 (n=15); 3.9 (n=15);
2.7 (n=15); 1.4 (n=18) 1.8 (n=18) 1.4 (n=18) 3.9 (n=18) 2.9 (n=18) C20
WO 2011/073234 PCT/EP2010/069710

More preferably, the composition of dry rhGH polymer prodrug has the following

composition (based on the total weight of the composition):

rhGH polymer prodrug 7.8-85.5% (w/w)
5 succinic acid 0.1-8.9% (w/w)

trehalose, optionally as dihydrate 13.6-90.3% (w/w)

tris 0.03-15.7% (w/w)

Most preferably, the composition of dry rthGH polymer prodrug has the following

10  composition (based on the total weight of the composition):

rhGH polymer prodrug 25.3-46.5% (w/w)

succinic acid 0.8-1.2% (w/w)

trehalose, optionally as dihydrate  52.4-72.8% (w/w)
15  tris 0.4-2.3% (w/w)

Preferably, the composition of rhGH polymer prodrug as described above is
lyophilized. Preferably, it is lyophilized in a first chamber of a dual-chamber syringe,
of which second chamber is filled with reconstitution solution. In one embodiment,
20  the reconstitution solution is sterile water containing 0.7-1.1% benzylalcohol, more
preferably 0.9% bezylalcohol. In another embodiment, the reconstitution solution
contains 0.2-0.4% cresol, more preferably 0.3 % cresol. Preferably, the reconstitution

solution is sterile water.

25  Any of the above described compositions of thGH polymer prodrugs are used for
treating or preventing diseases or disorders, which can be treated by rhGH, such as
growth hormone deficiency (GHD), adult onset growth hormone deficiency, Turner
syndrome, Prader-Willi syndrome, short bowel syndrome, chronic renal insufficiency,
small for gestational age (SGA), AIDS wasting, anti-ageing, rheumatoid arthritis,

30 idiopathic small stature, short stature homeobox gene and somatopause. Included is
also short stature associated with prolonged steroid use, Aarskog’s syndrome, among

others.

Also included are chronic renal disease, juvenile rheumatoid arthritis; cystic fibrosis,
35  HIV-infection in children receiving HAART treatment (HIV/HALS children); short
stature in children born with very low birth weigth (VLBW) but SGA; skeletal
dysplasia; hypochondroplasia; achondroplasia; idiopathic short stature (ISS); GHD in

adults; fractures in or of long bones, such as tibia, fibula, femur, humerus, radius,
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ulna, clavicula, matacarpea, matatarsea, and digit; fractures in or of spongious bones,
such as the scull, base of hand, and base of foot; patients after tendon or ligament
surgery in e.g. hand, knee, or shoulder; distraction oteogenesis; disorders resulting
from hip or discus replacement, meniscus repair, spinal fusions or prothesis fixation,
such as in the knee, hip, shoulder, elbow, wrist or jaw; disorders resulting from fixing
of osteosynthesis material, such as nails, screws and plates; non-union or mal-union of
fractures; disorders resulting from osteatomia, ¢.g. from tibia or 1* toe; disorders
resulting from graft implantation; articular cartilage degeneration in knee caused by
trauma or arthritis; osteoporosis in patients with Turner syndrome; osteoporosis in
men; adult patients in chronic dialysis (APCD); malnutritional associated
cardiovascular disecase in APCD; reversal of cachexia in APCD; cancer in APCD;
chronic abstractive pulmonal disecase in APCD; HIV in APCD; elderly with APCD;
chronic liver disease in APCD, fatigue syndrome in APCD; Crohn’s disease; impaired
liver function; males with HIV infections; short bowel syndrome; central obesity;
HIV-associated lipodystrophy syndrome (HALS); male infertility; patiens after major
elective surgery, alcohol/drug detoxification or neurological trauma; aging; frail
elderly; osteo-arthritis; traumatically damaged cartilage; erectile dysfunction;
fibromyalgia; memory disorders; depression; traumatic brain injury; subarachnoid
haemorrhage; very low birth weigth; metabolic syndrome; glucocorticoid myopathys;

and short stature due to glucucorticoid treatment in children.

Fig. 1 gives the sequence of hGH, using the 1-letter code for amino acids according to
TUPAC-IUB known to the person skilled in the art.

Fig. 2 shows exemplary structure 1 of type (AA1, AAA1), where the at least 5 kDa
polymer chain of S° comprising G* and BS' and BS? is marked as S°; the carbamate
group resulting from L* and the primary amino group of hGH is marked as L BS'
comprises the at least 4 kDa polymer chain marked as S', wherein S' comprises BS®,
which comprises the at least 4 kDa polymer chain marked as S°. BS* comprises the at

least 4 kDa polymer chain marked as S*.
Examples

Example 1: Synthesis of hGH polymer prodrug
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hGH polymer prodrug (1) with ¢~500 was synthesized as described in WO-A
2009/133137.

Example 2: Stability testing of compositions containing hGH polymer prodrug

Five different lyophilized compositions (C1, C2, C3, C4, and C5) of hGH polymer
prodrug were prepared. Each composition contained amounts of hGH polymer
prodrug 1 to yield a concentration of 5 mg/ml after reconstitution. Formulations were
placed upright in an incubator set to 40°C/75% RH. After 17 days, one vial per
formulation was removed from the respective incubator, reconstituted with sterile

water for injection and subjected to analysis.

hGH polymer | Buffer Base pH | Trehalose | Mannitol Glycine
prodrug (mg/mL) (mg/mL) (mg/mL)
(mg/mL)
Cl |5 Succinic Tris 4.0 |92
acid (10
mM)
C2 |5 Succinic Tris 4.0 |10 40
acid (10
mM)
C3 |5 Succinic Tris 4.0 | - 46 20
acid (10
mM)
C4 |5 Succinic Tris 6.0 |10 40
acid (10
mM)
C5 |5 Phosphate (5 | Sodium 6.5 |10 40
mM) hydroxide
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(n=6),
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10

1.7 (n=9); 1.8 (n=9); 1.0 (n=9); 3.8 (n=9); 2.7 (n=9); 1.7
2.1 (n=12); 1.5 (n=12); 4.8 (n=12); 2.9 (n=12), 1.7 (n=15);

WO 2011/073234 PCT/EP2010/069710
Visual Free hGH, Peptide Peptide Peptide Peptide
inspection %of total mapping (% mapping (% | mapping (% mapping (%
before/after | integrated area | impurity) impurity) impurity) impurity)
reconstitutio | for free hGH isoaspartate succinimide | deamidation oxidation
n peak

Cl | Intact white | 0.15 (1=0); 1.89 (t=0); 1.75 (t=0); 2.0 (t=0); 1.25 (t=0);
cake/clear 0.35 (t=17d) 3.22 (t=17d) 2.79 (t=17d) | 1.9 (t=17d) 1.64 (t=17d)
colorless

C2 | Intact white | 0.14 (1=0); 1.82 (t=0); 2.24 (t=0); 1.8 (t=0); 1.39 (t=0);
cake/clear 0.51 (t=17d) 5.68 (t=17d) 5.08 (t=17d) | 1.8 (t=17d) 1.65 (t=17d)
colorless

C3 | Intact white | 0.11 (1=0); 1.79 (t=0); 2.23 (t=0); 2.0 (t=0); 1.25 (t=0);
cake/clear 0.65 (t=17d) 8.69 (t=17d) 8.09 (t=17d) | 2.3 (t=17d) 1.22 (t=17d)
colorless

C4 | Intact white | 0.39 (1=0); 1.59 (t=0); 1.90 (t=0); 2.6 (t=0); 1.16 (t=0);
cake/clear 1.46 (t=17d) 2.16 (t=17d) 2.19 (t=17d) | 2.8 (t=17d) 1.23 (t=17d)
colorless

C5 | Intact white | 0.47 (1=0); 1.42 (t=0); 1.69 (t=0); 3.1 (1=0); 1.94 (t=0);
cake/clear 1.04 (t=17d) 1.94 (t=17d) 1.71 (t=17d) | 3.2 (t=17d) 1.90 (t=17d)
colorless

Example 3: Stability testing of compositions containing hGH polymer prodrug

Three different lyophilized compositions (C6, C7, and C8) of hGH polymer prodrug

were prepared. Each composition contained amounts of hGH polymer prodrug 1 to

yield a concentration of 30 mg/ml after reconstitution. Formulations were placed
upright in an incubator set to 40°C/75% RH and an incubator set to 2-8°C,

respectively. At each time point, one vial per formulation was removed from the

respective incubator, reconstituted with sterile water for injection and subjected to

analysis.
hGH polymer Buffer Base pH Trehalose
prodrug (mg/mL) (mg/mL)
Cé 30 Succinic acid (10 mM) Tris 4.0 92
C7 30 Succinic acid (10 mM) Tris 5.0 92
C8 30 Phosphate (10 mM) Sodium 6.0 92
hydroxide
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2.1 (n=15);
(n=18) 4.4 (n=18) 3.3 (n=18)

1.7 (n=15);

3.8 (n=15);

3.1 (n=15);

1.7 (n=18) 2.3 (n=18) 1.6
Exanple 6: Stability testing of conpositions

cont ai ni ngoh@H/@si3yner prodrug A | yophilized conpositi orc@Pd)100697hH
pol ynmer prodrug was prepared. The conposition contained amunts of hGH

pol ymer
reconsti

40 2C at

was reno
for inje
Buffer B

prodrug 1 to yield a concentration of 5 44 ng/d after
-UtiOn-’T@ﬁdh&&&ﬁh@&&@ﬂﬁxmﬁr@h@%@ﬁ@ﬁ?uﬁé&ﬂﬂh f?eﬁﬂ{%?ﬁfb@%ﬁ; ifglto
Jeg g?tﬁ%%%gmgggkgttyvgfiZguﬁgF%%%’ eggnE?FtJW@U% pth steri|e water
ction and subjected to anal y$i & total idekapd kyarer %of otaldfitergatddnyg/ L)
ase pH for free hGH peak area for free hGH peak
Cé6 Intact white cake/clear colorless | 0.4 (n=0); 0.4 (n=0);
0.6 (n=2); 0.4 (n=4);
0.7 (n=4); 0.4 (n=9)
0.9 (n=9)
C7 Intact white cake/clear colorless | 0.6 (n=0); 0.6 (n=0);
0.9 (n=2); 0.6 (n=4);
1.0 (n=4); 0.6 (n=9)
1.4 (n=9)
C8 Intact white cake/clear colorless | 0.7 (n=0); 0.7 (n=0);
1.1 (n=2); 0.7 (n=4);
1.2 (n=4); 0.7 (n=9)
1.6 (n=9)

Example 4: Stability testing of compositions containing hGH polymer prodrug

A lyophilized composition (C9) of hGH polymer prodrug was prepared. The

composition contained amounts of hGH polymer prodrug 1 to yield a concentration of

30 mg/ml after reconstitution. Formulation was placed upright in an incubator set to

40°C/75%RH. After each time point, one vial was removed from the respective

incubator, reconstituted with sterile water for injection and subjected to analysis.

hGH Buffer Base pH | Trehalose
polymer dihydrate
prodrug (mg/mL)
(mg/mL)
C9 at40°C | 30 Succinic Tris 5.0 | 85
acid (10
mM)
Visual Free hGH, | Peptide Peptide Peptide Peptide
inspection %of total mapping (% | mapping (% | mapping (% | mapping (%
before/after integrated | impurity) impurity) impurity) impurity)
reconstitution area for Isoaspartate | Succinimide | Deamidation | Oxidation
free hGH, | (aftern (aftern (aftern (aftern
peak after | weeks) weeks) weeks) weeks)
n weeks
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Trehal ose (nmg/ ) Cl0 44 Succinic acid (10 MM Tris 5.0 75 WO

2011/ 073234PCT/ EP2010/ 069710 Vi sual inspection Free hGH %o f total Peptide
mappi ng (WoRBenptd7ss4mappi ng (% Pepti de mappi ng (% Pept i decraEppinge9710
before/after integrated inpurity) inmpurity) inpurity) (% reconstitution
area for isoaspartate succinimde deam dation
C9 at Intact white 0.6 (n=0);

40°C cake, no 0.9 (n=2); 1.8 (n=2); 0.8 (n=2); 4.4 (n=2); 2.1 (n=2);
cracking around | 1.0 (n=4); | 2.0 (n=4); 0.9 (n=4); 4.2 (n=4); 3.1 (n=4);
meniscus, n 0 1.4 (n=9) 2.1 (n=9) 1.2 (n=9) 5.3 (n=9) 3.2 (n=9)

loose pieces, no

pull back from

vial

Example 5: Stability testing of compositions containing hGH polymer prodrug

A lyophilized composition (C20) of hGH polymer prodrug was prepared. The

composition contained amounts of hGH polymer prodrug 1 to yield a concentration of
5 30 mg/ml after reconstitution. The formulations were placed upright in an incubator

set to 5+3°C and an incubator set to 25+2°C, respectively. After each time point, one

vial was removed from the respective incubator, reconstituted with sterile water for

injection and subjected to analysis.

hGH Buffer Base Trehalose dihydrate pH after n months
polymer (mg/mL)
prodrug

(mg/mL)

C20at | 30 Succinic acid (10 Tris 85 5.1 (n=0);
5°C mM) 5.1 (n=1);
5.0 (n=3);
5.0 (n=4);
5.1 (n=6);
5.1 (n=9);
49 (n=12);
5.1 (n=15);
5.1 (n=18)
C20at | 30 Succinic acid (10 Tris 85 5.1 (n=0);
25°C mM) 5.1 (n=1);
5.1 (n=3);
5.0 (n=4);
5.1 (n=6);
5.0 (n=9);
5.0 (n=12);
5.0 (n=15);
5.0 (n=18)
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| mpurity)
weeks weeks weeks after

free hGH after

n after

n after

n oxi dation
n weeks C1 0 Intact white 0.3 (n=0);

peak after n weeks
1.7 (n=0);

1.1 (n=0)wo4oB/(78230@) ; 1.9 (n=0); at cake, no 0.7 (n=4); peTEPowAFI71d. 2
(n=4); 4.8 (n=4); 2.0 (n=4);
Visual Free hGH, Peptide Peptide Peptide Peptide
inspection %of total mapping (% | mapping (% | mapping (% | mapping (%
before/after integrated impurity) impurity) impurity) impurity)
reconstitution | area for free | isoaspartate | succinimide | deamidation | oxidation
hGH peak aftern aftern aftern aftern
aftern months months months months
months
C20 | Intact white 1.4 (n=0); 1.9 (n=0); 0.8 (n=0); 4.0 (n=0); 2.9 (n=0);
at cake/clear 1.4 (n=1); 1.9 (n=1); 0.7 (n=1); 4.0 (n=1); 3.4 (n=1);
5°C colorless 1.4 (n=3); 1.8 (n=3); 0.8 (n=3); 3.9 (n=3); 2.7 (n=3);
1.4 (n=4); 1.8 (n=4); 0.8 (n=4); 4.0 (n=4); 2.5 (n=4);
1.4 (n=6); 1.9 (n=6); 0.7 (n=6); 4.0 (n=6); 2.5 (n=6);
1.4 (n=9); 1.6 (n=9); 1.9 (n=9); 3.9 (n=9); 2.5 (n=9);
1.5 (n=12); 1.9 (n=12); 1.2 (n=12); 5.1 (n=12); 2.7 (n=12);
1.4 (n=15); 1.8 (n=15); 1.3 (n=15); 3.9 (n=15); 2.7 (n=15);
1.4 (n=18) 1.8 (n=18) 1.4 (n=18) 3.9 (n=18) 2.9 (n=18)
C20 | Intact white 1.4 (n=0); 1.9 (n=0); 0.8 (n=0); 4.0 (n=0); 2.9 (n=0);
at cake/clear 1.4 (n=1); 1.9 (n=1); 0.7 (n=1); 43 (n=1); 3.3 (n=1);
25°C | colorless 1.5 (n=3); 1.9 (n=3); 0.8 (n=3); 4.0 (n=3); 3.1 (n=3);
1.5 (n=4); 1.9 (n=4); 0.9 (n=4); 4.0 (n=4); 2.7 (n=4);
1.5 (n=6); 2.0 (n=6); 0.8 (n=6); 3.9 (n=6); 2.7 (n=6);
1.7 (n=9); 1.8 (n=9); 1.0 (n=9); 3.8 (n=9); 2.7 (n=9);
1.7 (n=12); 2.1 (n=12); 1.5 (n=12); 4.8 (n=12); 2.9 (n=12);
1.7 (n=15); 2.1 (n=15); 1.7 (n=15); 3.8 (n=15); 3.1 (n=15);
1.7 (n=18) 2.3 (n=18) 1.6 (n=18) 4.4 (n=18) 3.3 (n=18)

Example 6: Stability testing of compositions containing hGH polymer prodrug

A lyophilized composition (C10) of hGH polymer prodrug was prepared. The

composition contained amounts of hGH polymer prodrug 1 to yield a concentration of

44 mg/ml after reconstitution. The formulations were placed upright in an incubator

set to 40 £ 2°C at a relative humidity of 75 £ 5 %. After each time point, one vial was

removed from the respective incubator, reconstituted with sterile water for injection

and subjected to analysis.

hGH polymer Buffer Base pH | Trehalose (mg/mL)
prodrug (mg/mL)
C10 44 Succinic acid | Tris 50 |75
(10 mM)
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Example 7: Stability testing of compositions containing hGH polymer prodrug

A lyophilized composition (C11) of hGH polymer prodrug was prepared. The

composition contained amounts of hGH polymer prodrug 1 to yield a concentration of

52 mg/ml after reconstitution. The formulations were placed upright in an incubator

set to 40 £2°C at a relative humidity of 75 £ 5 %. After each time point, one vial was

removed from the respective incubator, reconstituted with sterile water for injection

and subjected to analysis.

hGH polymer Buffer Base pH Trehalose (mg/mL)
prodrug
(mg/mL)
C11 52 Succinic acid | Tris 5.0 74
(10 mM)
Visual Free Peptide Peptide Peptide Peptide
inspection hGH, mapping mapping (% | mapping | mapping
before/after %oftotal | (% impurity) (% (%
reconstitution | integrated | impurity) succinimide | impurity) | impurity)
area for isoaspartate | after n weeks | deamida- | oxidation
free h(GH | aftern tion after | aftern
peak after | weeks nweeks | weeks
n weeks
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Pepti de Peptide Peptide Peptide inspection before/after hGH % of total
mappi ng (% mappi ng (% inmpurity) mappi ng (% mappi ng (%

i nt egr at ewloi20ur7B13y) succinimde inpurity) inpurity) RCTAPR@0/069710
| soaspartate after n weeks deam da- oxidation free hGH after n

10

15

20

25

30

C11 | Intact white 2.0 (n=0); | 1.3 (n=0); 0.8 (n=0); 4.2 1.3 (n=0);
at cake, no 2.6 (n=4); | 1.6 (n=4); 1.0 (n=4); (n=0); 1.5 (n=4);
40°C | cracking 2.9 n=8); | 1.7 (n=8) 1.1 (n=8) 4.2 1.8 (n=8)
around (n=4);
meniscus, no 3.9 (n=8)

loose pieces,

no pull back

from vial

Methods:

Lyophilized compositions: Ultra-/diafiltration or dialysis was employed to obtain a
concentrated aqueous solution containing hGH polymer prodrug from column eluate.
Buffer exchange against buffer containing succinate or phosphate pH-adjusted by Tris
or sodium hydroxide, respectively, and trehalose dihydrate and/or mannitol and/or
glycine, was performed to obtain an aqueous buffered solution containing the desired
concentration of hGH polymer prodrug, which subsequently was frozen and
lyophilized.

RP-HPLC to detect free hGH: Mobile phase A was composed of 0.05 % aqueous
TFA (e.g. 0.5 mL in 999.5 mL. HPLC-grade water) and mobile phase B was
composed of 0.04 % TFA in acetonitrile (e.g. 0.4 mL TFA in 999.6 mL acetonitrile).
A Waters UPLC C18 BEH 300A 1.7um 2.1x50mm column was used. Flow rate was
set to 0.4 mL/min, detection was at a wavelength of 215 nm, the column running
temperature was 30 °C (£ 5 °C). The sample cooler temperature was set at 4°C and
the sample injection load was 100 pug (10uL of a 10mg/mL sample). Samples were
transferred to 0.22-um PVDF centrifugal filters (Millipore, #UFC30GVNB) and
filtered by centrifugation for 1 min at 9,000 x g. Filtered samples were diluted to 10
mg/mL with formulation buffer.

Tryptic digest of polymeric hGH prodrug and peptide mapping: Tryptic digestion of
hGH-conjugates was performed at a trypsin/hGH ratio = 1:20 (w/w). The pH was
adjusted with proteolysis buffer concentrate to pH = 7.0 to minimize the hGH-
cleavage from the transient hGH-PEG conjugate during the digest. After 8 h
incubation at 37°C the digest was stopped by the addition of 5 % (w/w) phosphoric
acid solution. The resulting peptide mixture was separated by RP-HPLC on a C18
column with 300 A pore size and 1.7 um particle diameter. A gradient combination
with 0.05 vol % aq. TFA and 0.04% TFA in acetonitrile as eluents and detection at

215 nm was created. The tryptic fragments which eluted with reasonable resolution
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tion after after n peak after n weeks weeks n weeks weeks WO
2011/ 073234PCT/ EP2010/ 069710 Cl11 at 40C Intact white cake, no cracking
around nmewoeou%7313@ | oose pieces, no pull back from vi alPC2ZiEP20066218 (Nn=0);
(n=4); (n=8); 1.3 1.6 1.7 (n=0); (n=4); (n=8) 0.8 1.0
were characterized via LC-MS and compared to theoretical monoisotopic masses. The
protein sequence coverage was 96% (184 of 191 amino acids).
Impurities were quantified as tryptic peptides based on their respective peak areca
relative to the peak area of the corresponding unmodified tryptic peptide. Under the
5 conditions of the tryptic digest and subsequent RP-HPLC-MS, both the succinimide
intermediate and the isoaspartate could be quantified for ASP130 of the polymeric
hGH prodrug.
Under the conditions of the tryptic digest and subsequent RP-HPLC-MS, aspartate
formation resulting from ASN149 and ASN152 deamidation could be quantified for
10  the polymeric hGH prodrug.
Under the conditions of the tryptic digest and subsequent RP-HPLC-MS, formation of
the sulfoxide degradation product of MET 14 could be quantified for the hGH polymer
prodrug.

15  LC-MS - liquid chromatography-coupled mass spectrometry
PVDF — polyvinylidene fluoride
RH — relative humidity
RP-HPLC - reversed phase high performance liquid chromatography
TFA — trifluoroacetic acid
20 Tris - tris(thydroxymethyl)aminomethane
UPLC - ultra performance liquid chromatography
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Claims

1.

A dry composition comprising a therapeutically effective amount of a thGH polymer
prodrug and one or more lyoprotectants, wherein the growth hormone is transiently

linked to a polymer carrier.

The composition according to claim 1, characterized in that the composition is dried by

lyophilization.

The dry composition according to claim 1 or 2, characterized in that the dry composition
is stable for at least 1 year when stored at 2-25°C.

The composition according to any of claims 1 to 3, wherein the lyoprotectant is trehalose.

A composition according to any of claims 1 to 4, characterized in that the composition is

provided as a single dose composition.

A composition according to any of claims 1 to 4, characterized in that the composition is

provided as a multiple dose composition.

A composition according to any of claims 1 to 6, wherein the thGH polymer prodrug has

the chemical structure shown in (A),

rlas 0
N
R4” M?\r\ll/u\o
R1
R2 R3
I
hGH
PEG—X~ "0 ﬁ/

(A),
wherein
HN-rhGH represents the thGH residue attached to the transient linker;

R1, R2, R3, R4, and R5 are selected independently from hydrogen, methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tertiary butyl;

69


IP-TEMP
Rectangle


PEG represents a PEGylation residue attached to the transient linker;
n=1]1or2; and

X is selected from C1 to C8 alkyl or C1 to C12 heteroalkyl.

The composition of claim 7, wherein the moiety

PEG—X——

of formula (A) has the following structure

O O\/\L\ 0/
’ 0 /d\/\/ S%H\/\/O o /\4: (O g
','\/\)LN (@] 0o

Sﬂqo O\/ﬂc\o/

H
N N o) O

N o] ~
;whereineach ¢ is independently an integer from 250 to 750, preferably an integer
from 300 to 400 and more preferably 500.

A composition according to any of claims 1 to 8, characterized in that it contains one or
more additional biologically active agents, either in its free form or as a prodrug, and
wherein the one or more additional biologically active agents are selected from the group
consisting of IGF-1, ghrelin or ghrelin-like compounds, gonadotropin releasing hormone
agonists and/or analogs, growth hormone releasing factor and analogs, gonadal steroids,
antiandrogens, non-steroidal aromatase inhibitors, HIV combination therapy, free fatty
acid regulators , anabolic steroids, estrogen agonists/antagonists, propranolol, appetite
suppressants osteroporosis drugs including bisphosphonates, bone formation agents,
estrogens, parathyroid hormones, and selective receptor modulators, and/or anti-diabetic
drugs such as insulin, thiazolidinediones, sulfunylureas, incretinmemetics, meglitinides,
biguanides, alpha-glucosidase inhibitors and amylin analogues.
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10. The composition of any of claims 1 to 9, wherein the composition comprises one or

more excipients.

11.  The composition of any of claims 1 to 10, wherein the composition comprises

rhGH polymer prodrug 1.1-92.1 % (wiw)
succinic acid _ 0.1-14.4 % (wiw)
trehalose, optionally as dihydrate 7.3-98.7% (wiw)
tris 0.01-25.4% (w/w).

12. The composition of any of claims 1 to 11, wherein the composition comprises

rhGH polymer prodrug 7.8-85.5% (wiw)

succinic acid 0.1-8.9% (w/w)
trehalose, optionally as dihydrate 13.6-90.3% (w/w)

tris 0.03-15.7% (w/w).

13. The composition of any of claims 1 to 12, wherein the composition comprises

rhGH polymer prodrug 25.3-46.5% (w/w)

succinic acid 0.8-1.2% (w/w)
trehalose, optionally as dihydrate 52.4-72.8% (w/w)

tris 0.4-2.3% (w/w).

14. The composition of any of claims 1 to 13, wherein at least 30% of all growth hormone
moieties of said composition are PEGylated at position Lys158.

15. A container comprising the composition of any of claims 1 to 14.

16. A container according to claim 15, characterized in that the container is a dual-chamber

syringe.

17. The dual-chamber syringe according to claim 16, characterized in that the dry
composition according to any of claims 1 to 14 is provided in a first chamber of the dual-
chamber syringe and reconstitution solution is provided in a second chamber of the dual-
chamber syringe.
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18. Method of manufacturing a composition according to any of claims 1 to 14 comprising

the steps of

(i) admixing the rhGH polymer prodrug with one or more lyoprotectants and
optionally one or more than one excipients

(if) transferring amounts of the mixture from step (i) equivalent to the desired number
of dosages into suitable chambers of a container,

(iii} drying the mixture, and

(iv) sealing the container.

19. Method of manufacturing a composition according to any of claims 1 to 14, comprising
the steps of

(i) admixing the thGH polymer prodrug with trehalosedihydrate and succinic acid to
yield a composition comprising
thGH polymer prodrug 10-300 mg/ml
succinic acid 5-50 mM
trehalosedihydrate 25-850 mg/ml,

(ii) adjusting the pH of the composition of step (i) to a pH ranging from pH 4.0 to pH
6.5 with tris,

(iii) transferring amounts of the mixture from step (i) equivalent to the desired number
of dosages into suitable chambers of a container,

(iv) drying the mixture, and

(v) sealing the container;

whereas the order of steps (ii) and (iii} may be changed.

20. Method of claim 19, wherein the composition of step (i) comprises

thGH polymer prodrug 10-300 mg/ml
succinic acid 5-50mM
trehalosedihydrate 30-150 mg/ml.

21. Method of claim 19 or 20, wherein the composition of step (i) comprises

rhGH polymer prodrug 10-300 mg/ml
succinic acid 5-50mM
trehalosedihydrate 50-100 mg/ml.

22. Method of any of claims 19 or 21, wherein the composition of step (i) comprises

rhGH polymer prodrug 30-60 mg/ml
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23,

24.

25.

26.

27.

28.

29,

30.

succinic acid 10mM
frehalosedihydrate 70-85 mg/ml.

Method of any of claims 19 or 22, wherein in step (ii) the pH is adjusted to a pH ranging
from pH 4.5 to pH 5.5.

Method according to any of claims 18 to 23, wherein the container is a dual-chamber
syringe having a first chamber with the mixture, the method further comprising the step
of

¢ filling a second chamber with a reconstitution solution before

sealing the container.

A kit of parts, comprising a needle and a container containing the composition according
to any of claims 1 to 14 and optionally further containing a reconstitution solution, the

container being adapted for use with the needle.

A kit of parts according to claim 25, characterized in that the container is a dual-chamber

syringe.

A method of preparing a reconstituted composition comprising a therapeutically effective
amount of arhGH polymer prodrug, and one or more lyoprotectants, wherein the growth
hormone is transiently linked to a polymer carrier, the method comprising the step of
¢ Contacting the composition of any of claims 1 to 14 with a reconstitution solution.

A reconstituted composition comprising a therapeutically effective amount of arhGH
polymer prodrug, and one or more lyoprotectants, wherein the growth hormone is

transiently linked to a polymer carrier, the composition obtainable by the method of claim
18.

The reconstituted composition of claim 28, wherein the reconstifuted composition

comprises
rhGH polymer prodrug 10-300 mg/ml
succinic acid 5-50 mM
trehalosedihydrate 25-850 mg/ml,

and has a pH ranging from pH 4.5 to pH 6.

The reconstituted composition of claim 28 or 29, wherein the reconstituted composition
comprises
rhGH polymer prodrug 10-300 mg/ml
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succinic acid 5-50 mM
trehalosedihydrate 30-150 mg/ml,
and has a pH ranging from pH 4.5 to pH 6.

31.The reconstituted composition of any of claims 28 to 30 wherein the reconstituted

composition comprises
rhGH polymer prodrug 30-60 mg/ml
succinic acid 10mM
trehalosedihydrate 70-85 mg/ml,

and has a pH ranging from pH 4.5 to pH 5.5.

32. The reconstituted composition of any of claims 28 to 31, wherein the reconstituted
composition also comprises one or more preservative and/or antimicrobial.

33. The reconstituted composition of claim 28 or 32, wherein the reconstituted composition

further comprises one or more excipient.
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