New St abl e Forrnul ati ons of Reconbi nant Human Al bum n- Human
G anul ocyte Colony Stimulating Factor [0001] The present application

clains the_he [ f U S Provisional Application No. 61/145, 440
filed on Jgﬁ’u@%“s%ﬁ 2009 and U.S. Provisional Appli catf%ﬁUﬁiﬁ'?(’muh
61/ 145,436 filed on January 16, 2009. The contents of U. S.

Provi sional Application No. 61/145, 440 and U. S. Provi sional
Application No. 61/145,436 are hereby incorporated by reference in

t hei r entir &epy Serdedrounpltioedf Reosmbinant Humanelbatrinom-Heniame
circulating Wite Blood Cells (V\BE) and is often defined as WBC count
to < 4000/ nL. The mai n GeanwocktoCotony Htinaglasinghk'actore neut r ophi | s.

However a reduced nunber of |ynphocytes, nonocytes, cosinophils, or

basophi | y @l so contri.bute to the.decreas total cell.. coun
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1000/ nL), or severe (grade 4, < 500/mL). " Acut'e and 'severe neutropenia
is a l|ifentr¢iyeat ening condition as it predi sposes the patient to
rapidly fatal infections (Merck Manual, 17th edition). [0004]
Neut r openi a can be caused by inpaired production of neutrophils in
the bone marrow, or by accel er at &hCEEEGRQAENDon of neutrophils. Acute
neut ropeni a may occur over a few days when neutrophil use is rapid
and prodgghhiong & L8l ¥ad MA=To e KB ' I or
many ot g i Ve R b0 PR (B anBS b
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[ 00051 Neutropenia and.its infectious conplications are anong the

most comPPBlantcwepryads daverseeddntertection it e blasdinguigrnbitsersr off and
ot her ca i : bat i . bi r ..and
bone. oy Fasihe ITREGRE SuBUAbIRY(d Bl A S PRkl OB s
seeki ng dessifiddydesraubgphibeduatindghoiatige ek diinfechiaucebl (18Q0 tod3edmL.),
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neut r ophiduscopdvia sl lmﬂuadt;nidgédmgﬂdhta:s ﬁ@}adri]s'ﬁbﬁzs E&Sﬁati@ﬂ_rm@{ibicgy E’afbatlorrs of
neutropeni,a i n patients t h under goi ng chenot herapy i nclude fever,
mout h sofEstio (“é%ﬁMiaﬁ‘fgclt?'gb?igt

ect'l .lor'!a"ati ents wi th profound neutropenia
of ten sufphes] fRAMBYAIEH S iRy iRPSir&UGDRSoS BPLduESHRif in BKIRAEOUS
cellulitis, liver abscesses, furudncul osi’s, pneunonia, stomatitis,
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medi a. hay, . ntil .t he body.can. produce
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neutropeni a. I'n sonme enbodi nents, the conpositions and nethods

i ncl ude torhe presewribihsanyeleid reageritsdYerck Mranalgt Ahedieyk e col ony

stimul at f i, 9 y-P ' ot f her eof .
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which works by seeking out and destroying fast-growing cells, induces neutropenia because
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[0017] In still other enbodi ments, the pharnmaceutical conposition

i ncl udes reconbi nant human al bum n- human granul ocyte col ony

stimul ating, f nd PMIT20/ 6.0, wherein the concentration of the
r econbi nanﬁ’%ﬁﬁ%‘%ggﬁbum n- human granul ocyte col ony sti nﬁétﬁgwawzé@t”or
i s between about 2.5 and about 120 ng/m, or between about 30 ny/nil
to about 60 ng/m . In sone enbodi nents, the concentration of the

reconbi nant human al bum n- human granul ocyte col ony stimulating factor
i s about °Bhe kighmroliferpaa rateet pgyiraphil arsuisomssndgierrnid aseamer oOblagd m |

o 2ondbtl QBRI o GRSty o Y e AU AR B

mg/ m , ajnUmntsS’ﬁtmglﬁnﬂgpinglnbmnotﬁérapmmnﬂude &tvor) tnolsoray/ and, eaainﬁmthoﬂ.QO

rrg/m, ahaut , 15 m out 10 about 150 about . 200
To | abglsRg: FEfefe oGOt ooy FRG R PP A BORR eGPt
gener al flesrbiPdal 0Nt RdertBsebRb, MONhOGodk, pREurstRSE soRfalifg gﬁfgnh:!'ge perirectal
drawi ngs, and the detail ed descrl ption are exenplary an | anat ory

and are IAEBHIEELICOIIRT SPRHES fO¢ pREmedip) Ghmqt@ﬁamm@mléavem/ dglayed amtil
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[00191 FIG 1 is a graph show ng that increasing rHSA- G CSF
concentration reduces mononer puriSYMNB®RIer purity of rHSA-G CSF
sanpl es at concentrations ranging from2.5 to 240 ng/mM was neasured
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at a pH @imfsRionPardh mdthdds iRlud Be rdc0BRhdntfuGan %1&1&;@11%9@&&519%@9

that increasing tenperature increases rHSA-G CSF aggregati on.
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[0040] FIG 22 is a table showing the results of NEUG treated with
hydrogen peroxide and TBO or TPB. Studies were performed to noni tor

the oxi datygn.pfsNEHYG [0041] FIG 23 is a graph show qﬁé{%%{r@q ore

absol ute neutrophil count (ANC) for subjects receiving
chenot herapy (Cycle 0) fromtreatnent to day 14. At day 4, the lines
from hi ghest to | owest are: 300 ji g/ kg NEUG 450 ji g/ kg NEUG 150

jiglk 0 4 A d.24B h
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[ 0054] As used herein, "polynucleotide" refers to a nucleic acid
nol ecul e havi ng a nucl eoti de sequence encoding a fusion protein
conpri si Nnowolly1@lssLEnatively consisting of, at |east onﬁcﬁggﬁﬁmbengf
al bumin (or a fragnment or variant thereof) joined in frane to at
| east one nol ecul e of Granul ocyte-colony stinulating factor (G CSF)
(or fragnment or variant thereof).. 011141) As used herein, "al bumn

2l ter nat 0oy Boweb Tt e s g M EhGhaariut vt SFEARETED gt
nnleculemﬁ{ah&hdﬁﬂﬁﬁﬂ@fa@m&!agmﬁﬂt or variant thereof) joined in

frame to at | east one ynucleotlde encodi ng at | east one nol ecul e

of G CSHOP&? f#ﬂé@%ﬁ@baéwah ‘b pharmerRFFyl compesitigninelndes cowiprs agany , In
for exanpl@ e RifRentMHcSullin %n@c i9h 18 ﬂ&)h%} & By emi)c"ramf%n% Fb@nal
self-replicating vect or |nc I ng u not |n1te

vect or, @dephekpmeawiton v éluth@r ¢mmﬂ1mmtaglnaa;nhaunawetxctaabcqm;mdioonncaudes a

P! 2L R oD 0O L P R

i nduci bl pop3|o rrpﬁeqﬁmaao@@mt bdrh{idsit@n@d&ﬁ@fﬁe@ﬂl)eielﬁ By Be fc@glumbdff@f
termnation of transcriptiaon, (4). a | eader sequence, and (5)

sel ect abtEIRSFRIAN. N FREMGE] QfiRidISe ST BB dtvR Rkodanats tw'a@wmmqal
protein, r

D et edcd?ﬁt Oifb‘é'alstlgﬁff dre 9? tp}@n%ﬁ fﬁj &M”ﬂnﬂmﬁh‘aﬂr q{'}tr&%ﬂéﬁs Hl@ltd u%)'ai eﬂ‘ﬂg&tgﬁous,
fusi on conist, Dnhtbdln{l@GQBPLCBigﬁr@t@dKBErap@ﬂcy}aé pmtradegrdalsmtlagmmgleal ocuiar

therape i CLiV r rot.einthat s t her ape
act ver O fosls kbl K or Bpa el BE Rl chiBbalids s SR b Beed gune
-12- WBR26E0/I08:34 BARET FblS%@ﬂ:@leOﬁﬂs%ﬁﬁ dmb@Hﬁh@dn&@’the@ﬂ%&bedﬁ&@%@ﬁ@%hh@n
act|V|t|es ocC gigq Wt h G—?S rotein. a non-|jmting exanple,
a" G CSFTEhBY %&@H a5 - Siidnacl agr O@W%C@fe@:ﬁmn%hm rabian 1 o
treat, pﬂtﬁcﬁryc%ﬁtca% 2R drqa%ruﬁz an @th%ﬁélﬁﬁ‘odnﬁ@rﬂg'tﬁd mnﬁxcceﬂm%@ééiﬁﬁom%ﬁ i¢
non- I|n1 exa CSF t herapeutic rotei n" may one
bi nds sp@@ﬁﬂlﬂt‘,@dlaﬁ 9 C@IﬁFCélCéaﬁifmS@ toraplagen.|fagt yedt fomadation, c@téasgd rclcasc

| ynphocy C nd theref
used to ﬁo%ﬁ?ﬂaﬁ&n %QQH&egﬁkigﬁfgom&ﬁ%ﬂ Igyl‘}a?FoI{%lEégcagen j,ti({n aqcﬁg;{xe el |
type s pemnﬁechab fqlfeabcﬁ Qﬁ)ﬁxﬁﬂaﬂé&s nsethe kebedimentshide prarmatSitibal@eipodition is
refers to rab nmore preferahl.y a hu
The tern@“gﬁﬁﬁ ¢%$ @? 8ﬁ¥mHWﬁ9mgg?hﬁ@ﬁﬂ@ﬁf@ﬁewaﬂﬁ% ?“Wqﬁ asa
[ 0057] Thigopighzad ;ﬂ%éﬁ&ﬁ%uﬂ bt nfbREAEHRE, M hafRiehi®dal coBIRIRniOpBPMed
carrier that has substantially no | ong termor permanent detrinental
ef fect vierlyaRitizdstkaed to an individual . Pharmaceutically
accept abﬂgﬂl«ﬂarfﬁceﬁkﬁr cﬂl% ﬁhq?c a% {&h%csct'xlb dﬁcrr&n oA lbte%torgcl RR&LALO D
medi a, atings y|ng ng agents, Ssweetening or
fl avori ngamgdnsane em‘mmmbxys dlekj plsmeac@utlaﬂ)smpmu@m idebay imgviabendther

t acterial and antif ts, buffers, pH
Bt ust | e e S b OraftRior 80 BOERGBER zer o, bul ki ng

agents, @UYﬂprm&eﬁk@ﬂ%o@ﬁ%ﬁﬁﬁhe@&ﬂﬁﬁ@ﬁﬁhﬂ%oh@h&ﬁ%ﬁmﬁﬂxQGﬁ@&§Mn9&n
formul atj on auxiliary o pe. Suitable carriers are described in

Reni ngt oMM e D é&iﬂuéewé geleBy gtrawpting [8eos aPlsast pag e beffes and/or pH
Sci ences,g; L%Qgge%c%gta y trlogfah}[ Qﬂl:zﬂ?&é)é add¥Wdnhs Hﬁné%e&éaﬁ%?é&gﬂ%’ﬁle carrier,

|ncorpora ei’n ence erre exanp carriers
or di | uewhaeinried mdeymdsict puaitieinsolutibn nf teegmbioant\hamen albsmdinmnnm'grmumt@r;e

Var  ous. (HIERERE Ry Gl BPloE Boe PP eopRCuR ol R e R Bog

phosphatig sbmfefeﬁbedm&hﬁs[ e Bultbif i &ressdma@@maFﬁ J@lﬁﬁshﬁg enfng bbﬁe ate
buffers). [0058] The term "pharnmaceut.i cal accep ta | e salts” include

those fofARAWINFIth theneRpnesisPRrigsinsalyten a’f?éqrﬂ%laatfwwwofpb%h@m c,

phosphoric, acetic, oxalic, tartaric acids, etc., and those forned



100691 Primary prophylaxis with granul ocyte colony-stinulating
factors (G CSF) is recomrended for the prevention of febrile

neut r openi g #1RRtdsgnNt s who are at high risk based on af’(ﬁr/u%ﬂinﬁ%s
hi story, disease characteristics, and nyelotoxicity of e

chenot herapy regi men. The Anerican Society of Cinical Oncol ogy
(ASCO and the European Organi zation for Research and Treatnment of
Cancer (EORTC the use of G e risk of febrile
neut ropeﬁ%cff“f‘% bé(ﬁ %ﬁ&?‘éﬂf i@%ﬁ“’i"ﬁg‘a%%%:l%ﬁ’i‘lﬁﬁ ‘Fmééﬁ@p]fé%@ﬁ%?@é‘t
Cancer Ogmgﬂegpﬂlmg%u(m\l) recommends an optional indication of
GCSF prophyl axis when the risk of febrile neutropenia is 10%to 20%
and a def00hlt elnjothtr eambpdments, @W%QWRamD@blemph@e&mmmmant

2005, | 1i It AL b Blasb BER (B Wit B8R B by ax s
e e e e vt i
cost of % éba{er PW@BQQ%&%‘J 5 ﬁ? Findaboneaspizt 1%¥§fheaﬁcoggwﬁﬂr Bumpgfe

U.S.  andysgRRcidlan)orddtidetcs1dal bﬁﬂﬂ@{aﬁﬁ# ﬁ%r B e RADpE1R 2UNE ek US Sot
prophyl actic G CSF treatirent and limt patient elrgibility

for dosel?iﬂrm@’ﬁéiqrévebw@nﬁbmléBapgg/mbf@ah@lﬁ@(m/mﬁehssmte@beﬂmmts 006;
Ad d
fr aunent ke 0a oL AP EHLAE AR L AR RoBRE IO DUEL AR A

further fctoestabouttSonfyralwemi skO ofg/ife; &Rkt ps atghh abaik DO mgrmp amxe 2hsg/ml,

vent i ofPaieo Caf g Rult S ek sy Mlieelsel ok el Ml SGHEH o

the G CSF5 ﬁg@ﬁlemm@dagm naﬂéﬂhp?@ingﬁni R 90 @R SRR, Qﬁda% ed0NS
of the invention. Even if deletion of one or nore am no acids from

the Nt emaiﬂﬁu@oaf 12 pelsil etbui Bdumg/mlishowd @0 mgimtb.iabentd 0 magsl, @bou@ 80 or
nore bio Ic Ak protein, albumn protein,

and/ or a‘{n éﬂo US| oné/g{r}ot elixr}l&t?f% e I'nvention, other therapeutic
activiti @Qianancstlllfoﬂncbmbmrhincms,tthwphan maccfigca) compositionghdades aedoinbirtanes,

ability to multimerize to bind | i gand (Ll be .
ot ai nedh g R B efuogyt ob Grgptau Ry AP i BT R Dev Rrrrihe
del eti on@mt:amandmsﬂhaaﬁb@bu@nmﬂtaa aBikliRAdes gb&hhl@bﬁé @&@@“&tﬁlﬂll&th@
conpl ete or mature forns of the pal ypeptides genera

r et ai nedf@iReR bebsn ehen ~t5rﬂ§1dr?ﬁj)‘§r1|29 vggpl, ophetyay) ﬁaqe@%wg/wiéo aknavp PRt e
POl yPept i al e B Hih bR Db &k5the MBI By GuBA dlb%mlﬁéuma.n
pol ypept | &1 ack ing N-term na residues of a conpl et e polypepti
retains gtamﬁwmmi@rwmlnmlcamglfmm iesboa;laﬁl, mg/ad; dbgutbld rdg'eraboneld hy/ml,

of her i OB FHRLC 2 ol et AERere, PR Bl okt PO il ™

| ar ge nmmmg/mif atdat 0 ﬁ@/rﬁi— ﬁ&iﬂﬂﬁﬂﬂl@/@ﬂhb&t e&n@mms&aﬁumm@nﬂl ERfuagm
sone biolo cgho%or i mrunogeni ¢ acti vi pepti des corrposed

I n
of as f t A himgenlahoyt H&ma’aésah%wa%ﬁﬂé\bek@ SArng/minsheut 1
responsemq 04kl ARGA ln&lo){tz 2dorrﬁgﬁﬁ%§utoj4o%@F oPE&Ju@Q?‘O mg/ml.
corresponding to a G protein portion of al bum n fusi-on protein
of the &t |B¢th|thvcﬁomeu@rgenefr&ll desdrighign hnqaﬁhotﬁdlom%br\vﬁ ldescaiption of the
pol ypept ) deI f romt he amn
ferm R AL e SIS ot daavas b R R RS
(i.e., apl&i%ﬁlrﬁfeoé@lmum oi&h&rﬁ&ﬂldnrd@tc&hrﬁccpﬁbﬂhbﬂfm&fs advaglaesyit novel

fu5|onpote|n ncod nuel otld or a m n. fusion

construc m‘qsh”@g?ﬁagﬂ}’ éfgpar%?foe%ﬂﬁerfg’l legidny |“8rf”s°r‘h§*9 fellovgeg estpibdd by
the genegabiftRhMehR iMdBofl. Where g is a whole integer representing
the total nunber of amino acid residues in a reference pol ypeptide

(e.g., a GCSF protein, or a GCSF protein portion of an al bum n
fusion protein of the invention), and mis defined as any i nteger




WD 2010/ 083434PCT/ US2010/ 021235 hybri di zation conditions (e.qg.,
hybridi zation to filter bound DNA in 6x. Sodi um chl ori de/ Sodi um
citrate ( put 45 degrees Cel sius, followed by

washes in%g.g%()@h@%g) 0.1% SDS at about 50-65 degrees Cel{}{s}l%s%mm{

hi ghly stringent conditions (e.g., hybridization to filter bound DNA
in 6 x sodium chl oride/ Sodi um ci trate (SSC) at about 45 degr ees

Cel sius, followed by one X 2% SDS at
about 68 degrees Cel si léngl‘ QFS%EFIQNhQF Tg{]@ ﬂ%’eﬁgNWbrl di zati on

condi ti ons which are known to those of skill in the art (see, for
exanpl e, jpéusgub@lG, 1Fis aMrap@tsBbwing @kks incrch$i38 rIQUALEUISFROAEAEMon Bduces

Mol ecul ar Bi ol ogy, G een publishin % associ ates, Inc., and John WIley
& Sons menomqqewwoM@noa@r peigeel IS2\-4i-GS Bsagpigscit poncnigyions ranging from

Pol ynucl I

the | nvedt o PEBGaF: Bl=hRERR £ PRRLL A B Re BN ARERRAY
at | eastC‘SEdfPLeS(’aaﬁ)d:reanE%n ideMTERT.2 hia258C dare¥yhoarsi no aci d sequence,
it is intended that the am no acid sequence of the subject

pol ypept[i6ar0|i SFiGaris & gabh sioovihe thatiatysa seepid mmﬁﬁt& GHGEBF ddpecgation.
subj ect pol ypepti e e may incl.ude v o acid

a1 ter at 1 SREph e ErASHCRR fotherraation of homgluey S merel e acasurcd by
sequencesg HP 1Ot IRE inBbMidn of B0 I8 iPPLIED ki £5H BaY bNeg am, iR
aci d sequence at |east 95% identical to a query anmino acid sequence

up Lo 5%aek1t NG00 oAGH hdifiRk BHPRIcRhDRDUALRE lncRBCNENIR. 07

inserted, deleted, or substi tu ed wt er amno acid ese
al t er at | apgeegation Ifbegregﬁtemteqfclalsée@t@@r&fé aranceoaion ot S prggmben Glong/ov was

car boxy- % ntlcg%l S%ﬁ%f’l&b %ﬂ 180 é)%p 1 at rlﬁgée plq] R34 lhdlgg grlgl'-["llﬁl%%ﬁ h

anywher e’ Sper g8

%?;VLSE@E%%O?W%%%? ?ﬁqvﬂﬂ% hl@?wét%sﬁléﬁt R et e

pract i cahggragdtion of VMRARCSAAYa QakEit@UbAbT SO PEPdsGabifedby SEFHLC
about 80% about, 85% about 90% about 91% abou{ 2% about 93%
about 94Yfer a%leﬁﬂogeb/%S GdBUEP fgéo;%dyaadﬂ‘fl THHo4t b ot S gsﬁxﬂ &+ 8p 401 019904

i denti cat:mlotpt m%ts@n%e t&,mmetmmwrgvﬂ—elﬁaq%n%mt ﬁh‘giéhrtg@top

fusion protein of t e invention or a fragne t hér eot suc

G CSF prleﬂ@mM FMTT pH tof. Theghiad bupiremfthgstiops K mtndf M TG pHat3 gthddarker of
portlon u “ﬁ[ n e det rm'n

convent i gn hcst %{sc?ritsrq novvn ﬁrﬂ%ﬁ? hc}l%htgrorh e WCS 18Sr1rse§ t(ngTﬁ’or
det er mi né.2g t he best overall match bet ween a query sequence (a
sequence of the present invention) and a subject sequence, also

ref er r edj0023|asFiG.gliobalaps emﬁgelaainb@am@ta,t It @atenBeticledRfdAkd3 @HSUSGIEF
t he FASTDB conput er programbased on the al gorithm of Br utlag et al.

(Conp. ARSSreepiigs cheerenasigty obiS A-Hoghl 1t 2 qagegy eabet@em P graisrsurpreby
query ang sipbjcegter m\é\@;a%taﬁ%wmEﬁt%é@@mnomﬁﬁowu%&%am

ei ther both nucl eotide sequencés or am no aci d sequences.

resul t ofhlarve Cgh@ibahtl@eﬁtﬁemﬂelaml\@;ﬁﬁdnkl peSerpt.essed as percent
identity. Preferred parameters used in a FASTDB am no acid alignnent
are: Mat [00%4PARND 6 ikatguzphehtﬂvingﬁlan'nm@siﬁgp}ajapmconiceritmiting dRecmby 141520,

Random z G ou th;O 11.0f, f w Si.ze=sequence
ength. et fous aiel i 8RO R g on g Rt S SRBEVEY L e
| engt h Otﬁteetsbﬁ:dS)l}}tﬂB%HPL@ RFtBOin@atlos R U RS @t 2 IMIICONENREi vE BurSRARY {&H”) in
100871 If the sur’daz}ect sequence i s shorter than the quer%(bmequence due

to N orPMITErnikkat e phpsphipts Sencepwationend 40 M of0 il & vl .48 maM, ¢f

manual cgyreetion nust be nmade to the results. This is because the
FASTDB program does not account for N and C-termnal truncations of

Subj et ROnlonoRE F AR AL PR SRR BERF R BRRE R Y 071 e

concentrations of up to 120 mg/ml in PMTT20/6.0 formulation buffer. Monomer purity of
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10100] As the authors state, these two strategies have reveal ed that
proteins are surprisingly tolerant of amno acid substitutions. The
aut hor s f ugphgfosfidi cat e which amno acid changes are 'M‘]%%tﬁﬂ%z%s
perm ssive at certain amno acid positions in the protein. For
exanple, nost buried (within the tertiary structure of the protein)
am no acid residues require nonpol ar side chains, whereas few

features u ce side chains. are general conserved. Moreover,
Lol er at SHRASTET G SEME S rHGMGoR SaRSETER 1S ITBI &/% RPaserheE-
of the aljppbafibiCinQibahtinEIPDbi 7 27310 BuftsH) &5 PMPE20%00 (nelveth iRt BEC for
repl acenent of the hydroxyl residues Ser and Thr; replacenent of the
aci di ¢ r¥&shages Asp and A u; repl acenent of the anmide residues Asn
and @ n, replacenment of the basic residues Lys. Arg, and Hs;

r epl acent@f2olof FiCh @ 1an graph iskowieg hotw ekl arH phosphate cammgniFatpn céiffack aggregation
repl ace f At spgl | -siz I po~@¢ids Ala, Set., . Thr, .Mt  and
G, - BectiaBSA G VARt A E AR B hehthealiot o200 iy VG mepied
present HynVEMALOafiendcublaiof ia) 490ir2pEPLEOUERH dornt MbtiiADpS A S 14 dhsans

of one o r f the n- conserved am no acid residues, where the
subst i tuél‘élﬁ%é@?ﬁc(olégwégﬁ@éarang%%( -O&Pc‘?‘rﬁyfafﬁ'gt be one encoded by the
genetic code, or (9i iz: pol ygepti des contai ning substitutions of one or
nore of WORElant¥o Ydctd FlEes? A shavyihe nwdeia aaid pad aminepeidgegiepee ¢rthe 1HIA-
pol ypept ¢ o . PRI e g : N} 0
anot her %g?’r%:oung?pglu gg@%@rﬁ%@%ﬁ to( ?ﬁ%i@@%%%%ﬁ%{/ﬁ%ﬁ@/ or
sol ubi | i gequance phlampol §8&3t Fie. G drovetbmphiep apidlsy@tehyd diemgh goom) |
(1v) polz}@%‘qini de containing additional am no acids, such as, for
exanpl e, ! gG Fe fusion region peptide. Such variant polypeptides
are dee 0 Lthin,the scope of those ski]l [ h t f

the teachirte P dbis Palotp YR8 PEaRmisr srandry b Sl a6
cont ai ni ingubarddrediffeidt SHHSE b botckRRSioR b ShapGRIChnd At PPCEEI @StoW dafs.ot her
charged or neutral am no acids may produce proteins with inproved
char act efpgd)i CBIG.946a ﬁ@[elsﬁ@ﬁinggggﬁv\%aioh%rﬂmg}-m@tat @iffeRint pH, protein

pharmaceutical fornulations both 2010/ 083434PCT/ US2010/ 021235
reduces @aEeNfiaHon adempepass@eassicd dy MFcBP Bue Thotopthelfag thedalde irst 3

i mmunogeny.. LYy, i AC t , i . I

2. 331 340 1Sy bR O pacBbm elfd o ¥ s B Gies arc
Cd el and &t mgimlHBAFG-CIRev. Therapeutic Drug Carrier Systens

10: 307-377 (1993). [01021 In specific enbodi nents, the pol ypeptides
of the iji020it | BXG.d@nips table, showingltiiceaonaity vBIHSA-CGo@SF sfterdhicubhiticmgire iTieseror
variants }gsf the am no acid sequence of an album n fusion protein, the
am no ach'd SUHTEAES aBd ConcenEsEnSyy ot ei n and/ or human serum al bumi n,

wherein the fr ts qQr variants have 1-5, 5-10, 5-25, 5-50, 10-50
or 50- 15@,0§Hm' R ddite Pewichires g IS MPEGH RYSTY I ioh Enuiastdyeaf NEUG.
del eti ons when conpared to the reference am no acid sepg—uence. In

pr ef er r e WG At nd B shayiibe weults of SESLHYLE poh RPAHE-Go sempastvalys ve.

Nucl ei ¢ @gidfisineReet ng-iph mp@b@p&eﬁpq_es are al so enconpassed by the
i nvention. 101031 The polgpeptide of tHe present invention can be

conposed amn i | < i /
roar 1 o IS TRIS 134! i 1B 66 AR BE AR AR Ot PLC
anm no acindshotdmgrardbiém of ient2 by ergtidemcapgent, mapartivelgi dNEUGE (“1P”) and

pol ypept, e nodified by either natural processes, such as
post-tréﬂgﬁg%?gﬁgﬂ'processing, or by chem cal nodification techniques

whi ch ar |1 in the art. Such jfications |

oscri pelloMl BT d8hsts i s eyt e T voRoen B Bhen sl as
in a vol MAGRYSE stapse BT dohlagfi@biyse. Modifications can occur anywhere
in a polypeptide, including the peptide backbone, the amno acid

si de- chajopssjangid.Ne A3 N9B Pro k@Y ROXY SuntBATY testhlsuhh bt thRE (PHRRER G @LLd
NEUG-1 and five different lots of NEUG-2, prepared for clinical use in humans.
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Saccharonyces cerevisiae. The pSAC35-based expression vector (patents
EP 286 424 B, US 5,637,504) contains the LEU2 gene from

Sacchar ont 8%§uﬁﬁiﬁwi5iae as a sel ectable marker that CQ@%%§5 M Lhe
| euci ne-detrcrency of the production host. This productionp asnla

al so contains a strong yeast pronoter, PRB I, and sequences from
plasm d pUCO that permt cloning and propagation in E. co/i. In
addition, the plasmd exhibits the unique attribute in which it

ol 1 mi nat 236! dISUAB Skrsrs Seamassiseiea S TReCAO F a8 pet (RuspA Pt ATER
coi | oncgpttanskeriedihat@ yeast. This is acconplished by flanking
FLP recognition targets and the expression of the yeast FLP

r econbi frem the . ' I <ETHbS é ' e irs
br esent o5 PR, 198 B 30 o DGk D R SE AR AR RRRRITT LPLor B R
confi r medEUG- I edouecataddgdquence of the 2m plasnmid fromthe yeast
after the master cell bank is generated. [0118] As descri bed above,

t he NEUGOP38]dUERG. a0 spinastizd, thd esuiraf GhdDy<dogksformed on a representative,
(pSAC35: HSA. GCSF(.T31- P2 é) yas derived fromthe pSAC35-based
expressi%%ébg%?ﬁﬁ9ﬂ#ﬁ&ﬂk;i%mm@W8P5?H8hding to T31-P204 of human

G CSF was anplified by PCR while adding the appropriate 5 and 3'
restricti98#lsi ¥z 2 gyt 1'%%{%!‘@%}%@%%8&@%& CHE e oxchaa (OF
HSA ope r‘sii&%@lu@ﬁnf(*sﬁ@? cﬁx@%ﬂ%v EIGr RESD ddaaldSyinBiRIdIRE SeloRidRLEPTFRS 2
cGW master cell bank (MZB) at Human Genone Sciences, Inc., (HG) in

Rockvi | | &, TID stuities wieespariogmethid radratoaexidationaaf NG @f NERK cangol = medium

2010/ 05343 LR EIR ARG TR PSR dnocuabensh Eapeso iy
L) L GRS B S O L b it

Bi ot echnoBogirTaB! Binali@gigabsfitred uchshitor[la0datibn oSNBUGRT ki ng cel |
bank (WCB) derived fromthis MCB was subsequently generated and

tested afofhar FRS iy € ErabR BiRivah e @scd{MabY@a® nclfophWobunt (AREZ £r Al |
nmedi a conponents _used I n the manufacture of the NEUG cell |ine banks

wer e syniRiehseecehivsiRE! befowchpmarheragiftyda?) frem EeHpEREatiay bt Atday
ani mal of tﬁ'é"ﬁ?eg f%??ﬁjgﬁée@?{cogﬁ%@%%eq%d Eﬂgk%ﬁlElU ,gr?@ g%gg\%[?(}nt?g@hg/kg and

prepar at i’on. anks 1s"store
cryopr es& ngke dikUfedia in pre-sterilized 1.8 nL Nunc pol ypropyl ene
tubes with internally threaded caps. [0123] Non-limting, exenplary

met hods [B042]s oFHE.i24d, a4l it ggpbsnshoprephe ANC dhlewhitdSlecdCSH (FWEIh

protein for phannaceutical. u e provid elow. in the .
Bper | metital RERIRGreEhe Grinet REBIcE) RPN g PR el e dfrmpuenyes
101241 TReUap&shss wFOisoNSwi: B0l 158id/NE 39D albkgObr 4008 /kg. The
reconbi nant |y fro uced, such as interferons and growth hornones, are

duced
typi cal | yeutraphif eutrpsfsdergrade bai braufraperihiye _ﬁh@’}‘fé'l’)_? dshegblines jfdAdhe ar | y
when forﬁ@%& ﬁ&tﬂo?hi@fh‘d?@%sals%c&eg%{eﬁri‘t?boti(ﬁ@z_&'aﬂ&h@ﬁ' lity in these

mul at’e

nol ecul es en fo Tor mnistration dictates that nmany of
the nole yst  Lyapii L L t .
during oiiaoeT i e SRR AR AR B HELRRA TG TANE) forphffBSs who
t ranspor tecaimed 800 151/loy NEUSE, db@ge/kp NGt (@ os6 apgpeplatastol (Aeligsta®ut e when
phar maceut i cal r Iatjpﬂs nust be stored di spensed outsi de of
t he hos piiﬁpé‘?x”é’ﬁ{??yr%ﬁ% -\ <11 ﬂn‘?tﬂ%ri“%mpcry% fns conprising a

t her apeut i c pr i.n .have denonstrated extende elf life conpared to
the ehl PofeF RIS Th NG SRR b BeEre SISt or o B Tsb P uced to

al bumn. Shelf-life typical]ly refers to the ti eriod, over which,
the t her Hi98ak i E1GA7 % ?@gﬁpgﬁL%W@a é}ea%échegaff&sg‘f H%[# wdhePhasn ! @H»lgs’ H
sonme ot hep 5t QIAIR. AL %g&a}&mw&ﬁ%&%&%&w maleﬁtah&ﬁaﬁ%t the

t herapeutic activity. Neverthel ess, aggregation and chem ca
i nst abi | indicatedlosraj($10 wdikg, 360 eg/kgor 48V et/bpi wy rhcuswalt &t subrestsfvgth breast

cancer in the absence of chemotherapy. Squares: 450 pg/kg Cycle 0; triangles: 300 ug/kg
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deliverabl e per vial' G ade Purpose Neugranin 15.0 mWlL 15.0 ng AP
Sodi um phosphat e nonobasic 0.44 mg/mL (3 M) 2.42 ng USP, nmulti -

conpendi al k. agent Sodi um phosphat e di basic 0.
P09 P

0.35 ng US | - conpendi al Buffering agent Mannitol
(200 MV 32.79 ng USP, nulti- conpendial Buffering agent Trehal ose
di hydrate 22. 70 ng/nL

Cycle 0; circles: 150 ug/kg Cycle 0.

{0046] FIG. 28 is a graph showing the absolute neutrophil count (“ANC”) for subjects in
Phase 1. Subjects received 300 ug/kg NEUG (n=19), 450 ug/kg NEUG (n=20) or 6 mg
pegfilgrastim (Neulasta®) (n=9) in cycle 1 following study chemotherapy.

10047] FIG. 29 is a graph showing the pharmacokinctics/pharmacodynamics (“PK/PD™) of
NEUG in cycle 1 of chemotherapy (Phase I study). Patients received 450 ug/kg of NEUG
one day after doxorubicin/docetaxel administration in cycle 1. ANC is shown by the open
diamonds; NEUG concentration is shown by closed squares. Cut-offs for neutropenia grades
3 and 4 are shown by the dashed lines. The Lower Limit of Quantitation (“LLOQ”) for
NEUG is shown as a dotted line at 6 ng/ml.

[0048] FIG. 30A and 30B show the area the curve (AUC) for cach subject treated in Phase
1, Part B, based on the ANC values obtained for days 0 to 15. Figure 30A is a graph; the data

from Figure 23A is summarized in the table, 30B.

DETAILED DESCRIPTION

[0049] Disclosed herein are compositions and methods for treating, preventing and
ameliorating conditions and diseases characterized by a lowered white blood cell count. The
compositions and method described herein include a fusion polypeptide formed from human
serum albumin protein (“HSA™) and human granulocyte-colony stimulating factor (“G-
CSF”). In one embodiment of the invention, the fusion polypeptide is 759 amino acids in
length; amino acids 1-585 of the fusion correspond to amino acids from the mature form of
HSA, and amino acids 586-759 of the fusion correspond to amino acids of the mature form of
human G-CSF. The amino acid sequences of the fusion protein is presented in FIG. 9A-9C.
[0050] Compositions and methods described herein also include therapeutic formulations
and pharmaceutical compositions comprising the recombinant HSA-G-CSF polypeptide. In
some embodiments, these formulations and compositions are configured for administration of
lower doses of the polypeptide, while in other embodiments, the formulations are configured
for administration of higher doses of the polypeptide.

[0051] The invention also encompasses fusion proteins comprising variants or fragments of

G-CSF, and fusion proteins comprising albumin or fragments or variants of albumin. The
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(60 MM 22.7 mg High purity Cryoprotectant Polysorbate 80 0.1 ny/nL
(0.01% 0.1 ng USP, nulti- corrpendi al Inhibit aggregation Sterile WE

Reconsti t On 1.0 USP Diluent 'A 0.16 1.5
i ncl uded Fﬁ%@ﬁ@?ﬂ@%g to assure the 1.0 nL deliverabl Wﬁ%&%ﬁﬁéﬂ

One exenplary nethod for the manufacture of bul k drug substance
("BDS") for NEUG 1 is shown by the non-limting process steps of FIG
13. The BDS is then stored at about -80C (nom nal val ue, acceptable
range of N¥HHIOAGEO catAaRaIcH Pelylusloobider crcelny the trastiqebumsrfssion piegeins
r obust ne f ni cal
ites, o2 g, SETY Ak SRl h R RELAG RS BB Fong
shel f | icfoenpoaiubys;;ﬁhniuﬂmeds érrdrimsoHoNEith& &adsﬁsmbéeuthdﬂm@iimmedot;d&t hods

of freeze- dr e. wn in the art

2010/ 08 FHSHBH Db Totr s BB Guctis| P THRHRY, BaAvER oS
el egant , mbHo@ U finhakadk tﬁélklﬁﬁmlm&oﬁ)QthéfiﬁsI’EEdh@ﬁvéiﬁﬁ)ﬁru‘sﬂﬁE%eb@pél?xﬁicleoudes
followng steps. Step 1: thawi ng and dilution of bulk drug subst ance
[ 0136] avfoiibpgcsllof NEUG bul k drug substance arc thawed at 15 to
30C. The k

oot ei 1 otert o4f cEUBERRC & LBuRAMEHh blotoi b ERSRRY Hlhe el BN
drug substsanedaxichelEfifaation is used to cal cul ate the anmpunt of

di | uti onghus f U|re nsity.and pH are al so

For ml ot PRl PR GhadRratantbERt RsioB oS Pt EiB M GEESTS « he

desired ﬂ‘nwmiones)ms@rstabeetmmm&@@pandl @ifided d- CBFrIﬂéllc@Lﬂc[oj-?’” The
di |l uted ,-,Qlutl on is transferred fromthe fornulation area into a

steril e #8edi vIgreseniiayenting Sugn: slpblﬁlf:q feanpgenieprganifat mpdidied iecontain the
i ntegri tr)’uckt‘?@ﬁc%’mo@%ﬁeé #}i} th€ Bivb Mol pidbdtats ?&%Pﬁiteﬁ td)éxgﬁdé@g a ai%ulgm N

filters In series ters are previously unus
i ntegri t}gmtcaseféble amehtnsposed of post-manufacturing. Step 3. filling

3t UseiiiSe. TR et R PR Bl e Th AT R BRI ST

3 nL USP¥F

bot t oni e}&ﬁteirmpﬂbhrhln&aﬁlb@plotdi@y sud Méthadt ofeRe|is pak entRel él%mdratmg
t hr ough @t the filling operation to verjify fi IF vol unme. Step
| vophi | | Z8R85GP H5eBi6Ts upHE AREHRIYsiontpigHs epecriwcgeoeeweweealbwm

chanber pLeaPHEnAND 38Ehdreih emhﬁ‘ﬁ Hfs%n g%t@iﬁu Edferk Wﬁ%@cﬁryfo?mb@by the

moni t or ed by product ther nmocoup d t hroughout
| yophi | i aieh enatdpastromer molpeule D@lbwlgt(QW@ﬁ&@lwoawr@aatrtbcm@%ded lemt@e

pre-chil hek me at ant rol, | e anne
Cep is BEPPRPRESTPRr chbetey Phd AROLDTah B Rl AiordraPRET ieng
agent) . Bvémsnyonpiscgt lesst bifi@pmpetrdretiiag oaan@ USF bid @ decabya fimmhdnOsd NQ

therm)cou ] es...Secondary dryi is performed to achi eve the desired
noi st ur e"EGRt ‘efﬂ’t“m“hse@ﬁ’éﬂeﬁ%‘ O‘Fhlsleé’gr‘i‘éifé’rcvr{‘gr‘@}ﬁ}"@w APRBeRYARTRNG TsiPhe

| yophi | i gat iemshanB@iod sokhl i§ geeéat&ybw@ﬁslaﬂsn Of 2R S484 I wnibh htered

nitrogen i nto the chanber. Step 5: seal i ng and cappi ng
polynucleotide encoding allora port:on of G-CSF is joined in-frame with a polynucleotide
encoding all or a portion of albumin). The G-CSF and albumin protein, once part of the
albumin fusion protein, may cach be referred to as a "portion”, "region" or "moiety” of the
albumin fusion protein (e.g., a "G-CSF protein portion" or an "albumin protein portion™). In a
highly preferred embodiment, an albumin fusion protein of the invention comprises at least
one molecule of G-CSF or fragment or variant of thereof (including, but not limited to a

mature form of the G-CSF protein) and at least one molecule of albumin or fragment or

variant thereof (including but not limited to a mature form of albumin).
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WO 2010/
t he vi al

083434PCT/ 1JS2010/ 021235 [ 01401 The stoppers are seated into
s under a partial vacuum (ca 11-12 psia). The product trays

are unl oadgg ﬁﬂﬁ)sﬁJP? vial s are capped. 101411 The ini“ﬁéw{lé’zﬂﬂmzqﬁed

clinical
shel f-1i
further

revi ewed
st andar d[,

to exam
One | ot

material (NEUG 1) has proven quite stable, with a curren

fe of 2 years (when stored at 2-8C) which wll likely be
extended as data fromcontinuing stability studies is

anpl e, 3: Cener rgperties of .a .NEUG 1 reference . .

St BT Dotmagt ARt o AR il 5 SRR Bped
MBcdshial IBYISdsONemt Gatretathidihe k@ed Gaing ChREB eeTUns t P16 Sestithy DEHE
of NEUG ternmed reference standard Lot 2378- R, contains 21.3

ng/ mL NEWewah dlbwas ftsiprarogiethat pccro inthessereiony phivspisaf he oM for

manni t ol
pH 7.2 (
on the r
nmet hods
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herein also referred to as a “mature albumin fusion protein".

In one embodiment, the invention provides a polynucleotide encoding an albumin
fusion protein comprising, or alternatively consisting of, G-CSF and a serum albumin protein.
In a further embodiment, the invention provides an albumin fusion protein comprising, or
alternatively consisting of, G-CSF protein and a serum albumin protein. In other
embodiments, the invention provides an albumin fusion protein comprising, or alternatively
consisting of, a biclogically active and/or therapeutically active fragment of G-CSF protein
and a serum albumin protein. In other embodiments, the invention provides an albumin
fusion protein comprising, or alternatively consisting of, a biologically active and/or
therapeutically active variant of G-CSF protein and a serum albumin protein. In preferred
embodiments, the serum albumin protein component of the albumin fusion protein is the
mature portion of serum albumin. The invention further encompasses polynucleotides

encoding these albumin fusion proteins.

In further embodiments, the invention provides an albumin fusion protein
comprising, or alternatively consisting of, G-CSF protein, and a biologically active and/or
therapeutically active fragment of serum albumin. In further embodiments, the invention
provides an albumin fusion protein comprising, or alternatively consisting of, G-CSF protein
and a biologically active and/or therapeutically active variant of serum albumin. In preferred
embodiments, the G-CSF protein portion of the albumin fusion protein is the mature portion
of the G-CSF protein. In a further preferred embodiment, the G-CSF protein portion of the
albumin fusion protein is the extracellular soluble domain of the G-CSF protein. In an

alternative embodiment, the G-CSF protein portion of the albumin fusion protein is the active
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these albumin fusion pr otems.

In further embodiments, the invention provides an albumin fusion protein
comprising, or alternatively consisting of, a biologically active and/or therapeutically active
fragment or variant of G-CSF protein and a biologically active and/or therapeutically active
fragment or variant of serum albumin. In preferred embodiments, the invention provides an
albumin fusion protein comprising, or alternatively consisting of, the mature portion of G-
CSF protein and the mature portion of serum albumin. The invention further encompasses

polynucleotides encoding these albumin fusion proteins.

L Definitions

[0053] The present invention is described herein using scveral definitions, as sct forth
below and throughout the specification.

[0054] As used herein, "polynucleotide” refers to a nucleic acid molecule having a
nucleotide sequence encoding a fusion protein comprising, or alternatively consisting of, at
least one molecule of albumin (or a fragment or variant thereof) joined in frame to at least
one molecule of Granulocyte-colony stimulating factor (G-CSF) {(or fragment or variant
thereof)..

As used herein, "albumin fusion construct” refers to a nucleic acid molecule

comprising, or alternatively consisting of, a polynucleotide encoding at least one molecule of
albumin (or a fragment or variant thercof) joined in frame to at least one polynucleotide
encoding at least one molecule of G-CSF (or fragment or variant thereof); and, further
comprising, for example, one or more of the following elements: (1) a functional self-
replicating vector (including but not limited to, a shuttle vector, an expression vectot, an
integration vector, and/or a replication system), (2) a region for initiation of transcription
(e.g., a promoter region, such as for example, a regulatable or inducible promoter, a
constitutive promoter), (3) a region for termination of transcription, (4) a leader sequence,
and (5) a selectable marker. The polynucleotide encoding the G-CSF and albumin protein,
once part of the albumin fusion construct, may cach be referred to as a "portion,”" "region" or
"moiety" of the albumin fusion construct.

[0055] By a G-CSF polypeptide displaying a "therapeutic activity” or a G-CSF protein that
is "therapeutically active” is meant a G-CSF polypeptide that possesscs one or more known
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7. Effects of Salt concentration on aggregation of rHSA-G CSF [ 0157]
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1I. Granulocvie-colonv stimulating factor

[0065] Granulocyte-colony stimulating factor (G-CSF) is a hematopoietic growth factor
that stimulates the production of neutrophils. Administration of G-CSF results in rapid
induction of a neutrophilic leukocytosis. Another important in vivo activity of G-CSF is
mobilization of hematopoietic progenitor cells into the peripheral blood (Duhrsen et al, 1988;
Molineux et al, 1999; Roberts et al, 1994). This effect includes not only the neutrophil
lineage but extends to other single lineage and multi-lineage progenitors and pluripotent
hematopoietic stem cells (Molineux et al, 1999). G-CSF also increases the cellular events
that are part of the defense mechanism against infections by priming neutrophils, thereby

increasing both their phagocytic and anti-bacterial activities against opsonized
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Staphylococcus aureus. G-CSF also induces chemotaxis of neutrophils and monocytes and
adhesion of neutrophils (Yuo et al, 1989; Wang et al, 1988).

10066] Recombinant G-CSF products are currently approved for a number of clinical
indications to stimulate the proliferation and differentiation of neutrophils. In clinical trials,
filgrastim (recombinant methionyl human G-CSF; Neupogen®, Amgen, Thousand Oaks,
CA) increased the number of peripheral neutrophils and thereby reduced the duration of
neutropenia after myelosuppressive chemotherapy. Filgrastim is given by daily subcutaneous
(SC) injection. Pegfilgrastim, a polyethylene glycol-conjugated rG-CSF, (Neulasta®), has
proven safe and effective as a once-per-cycle alternative to daily rG-CSF therapy to decrease
the incidence of febrile neutropenia in patients receiving myeclosuppressive anti-cancer

drugs(Holmes, O’ Shaughnessy et al, 2002; Green et al, 2003; Neulasta® SmPC 2007).

II. Human serum albumin

[0067] Human serum albumin (HSA) is the most prevalent naturally occurring blood
protein in the human circulatory system, measured at approximately 40 grams of
albumin/liter, persisting in the circulation for over 20 days. HSA lacks enzymatic or
immunological function and is widely distributed in vivo and is known to be a carrier for
therapeutic substances in the blood. Albumin is a carrier protein with minimal activity at
physiological concentrations. Both HSA and recombinant human albumin (tHSA) have the
same long circulating half-life in humans. Research has shown that therapeutic proteins
genetically fused to human albumin are able to take on the circulating half-life characteristics
of albumin (Syed et al, 1997). For example, a study in rabbits has shown that the half-life of
CD4 fused to albumin is 140 fold greater than non-fused CD4 (Yeh et al, 1992).

[0068] Human serum albumin, a protein of 585 amino acids in its mature form (as shown in
FIG. 1 of U.S. Patent No. 7,592,010, is responsible for a significant proportion of the osmotic
pressure of serum and also functions as a carrier of endogenous and exogenous ligands. At
present, HSA for clinical use is produced by extraction from human blood. The production
of recombinant HSA (rHSA) in microorganisms has been disclosed in EP 330 451 and EP
361 991.

1v. Treatment with G-CSF
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[0069] Primary prophylaxis with granulocyte colony-stimulating factors (G-CSF) is
recommended for the prevention of febrile neutropenia in patients who are at high risk based
on age, medical history, disease characteristics, and myelotoxicity of the chemotherapy
regimen. The American Society of Clinical Oncology (ASCO) and the European
Organization for Research and Treatment of Cancer (EORTC) recommends the use of G-CSF
when the risk of febrile neutropenia is approximately 20%. The U.S. National
Comprehensive Cancer Center Network (NCCN) recommends an optional indication of G-
CSF prophylaxis when the risk of febrile neutropenia is 10% to 20% and a definite indication
of G-CSF prophylaxis when the risk of febrile neutropenia is at least 20% (Smith et al, 2006,
Vogel et al 2005, Timmer-Bonte ct al 2006, NCCN Guidelines).

[0070] Prophylaxis with colony-stimulating factors (CSFs) is recommended to alleviate the
toxicity of certain chemotherapy regimens. However, the added cost of these treatments is a
significant consideration both in the U.S. and especially in parts of the EU and may lead to
under-use of prophylactic G-CSF treatment and may also limit patient eligibility for dose-
intensive chemotherapy regimens (Timmer-Bonte et al, 2006; Adams et al, 2006, NCCN

Guidelines).

V. Polvpeptide and Polvnucleotide Fragments and Variants

A. Fragments

The present invention is further directed to fragments of G-CSF protein, albumin

proteins, and/or albumin fusion proteins of the invention. The present invention is also
directed to polynucleotides encoding fragments of the G-CSF protein, albumin proteins,
and/or albumin fusion proteins of the invention. Even if deletion of one or more amino acids
from the N-terminus of a protein results in modification or loss of one or more biological
functions of the G-CSF protein, albumin protein, and/or albumin fusion protein of the
invention, other therapeutic activities and/or functional activities (e.g., biological activities,
ability to multimerize, ability to bind a ligand) may still be retained. For example, the ability
of polypeptides with N-terminal deletions to induce and/or bind to antibodies which
recognize the complete or mature forms of the polypeptides generally will be retained when
less than the majority of the residues of the complete polypeptide are removed from the N-
terminus. Whether a particular polypeptide lacking N-terminal residues of a complete

polypeptide retains such immunologic activities can readily be determined by routine
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methods described herein and otherwise known in the art. It is not unlikely that a mutein
with a large number of deleted N-terminal amino acid residues may retain some biological or
immunogenic activities. In fact, peptides composed of as few as six amino acid residues may
often evoke an immune response.

[0071] Accordingly, fragments of G-CSF protein corresponding to a G-CSF protein portion
of an albumin fusion protein of the invention include the full length protein as well as
polypeptides having one or more residues deleted from the amino terminus of the amino acid
sequence of the reference polypeptide (i.e., a G-CSF protein, or a G-CSF protein portion of
an albumin fusion protein encoded by a polynucleotide or albumin fusion construct). In
particular, N-terminal deletions may be described by the general formula m to q, where qis a
whole integer representing the total number of amino acid residues in a reference polypeptide
(e.g., 2 G-CSF protein, or a G-CSF protein portion of an albumin fusion protein of the
invention), and m is defined as any integer ranging from 2 to g minus 6. Polynucleotides
encoding these polypeptides are also encompassed by the invention.

[0072] In addition, fragments of scrum albumin polypeptides corresponding to an albumin
protein portion of an albumin fusion protein of the invention, include the full length protein
as well as polypeptides having one or more residues deleted from the amino terminus of the
amino acid sequence of the reference polypeptide (i.c., serum albumin, or a serum albumin
portion of an albumin fusion protein). In preferred embodiments, N-terminal deletions may
be described by the general formula m to 585, where 585 is a whole integer representing the
total number of amino acid residues in mature human serum albumin, and m is defined as any
integer ranging from 2 to 579. Polynucleotides encoding these polypeptides are also
encompassed by the invention. In additional embodiments, N-terminal deletions may be
described by the general formula m to 609, where 609 is a whole integer representing the
total number of amino acid residues in full length human serum albumin, and m is defined as
any integer ranging from 2 to 603. Polynucleotides encoding these polypeptides are also
encompassed by the invention,

[0073] Morcover, fragments of albumin fusion proteins of the invention, include the full
length albumin fusion protein as well as polypeptides having one or more residues deleted
from the amino terminus of the albumin fusion protein. In particular, N-terminal deletions

may be described by the general formula m to q, where q is a whole integer representing the
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total mumber of amino acid residues in the albumin fusion protein, and m is defined as any
integer ranging from 2 to ¢ minus 6. Polynucleotides encoding these polypeptides are also
encompassed by the invention.

[0074] Also as mentioned above, even if deletion of one or more amino acids from the N-
terminus or C-terminus of a reference polypeptide (e.g., a G-CSF protein; serum albumin
protein; or albumin fusion protein of the invention) results in modification or loss of one or
more biological functions of the protein, other functional activities (e.g., biological activities,
ability to multimerize, ability to bind a ligand) and/or therapeutic activities may still be
retained. For example, the ability of polypeptides with C-terminal deletions to induce and/or
bind to antibodies which recognize the complete or mature forms of the polypeptide generally
will be retained when less than the majority of the residues of the complete or mature
polypeptide are removed from the C-terminus. Whether a particular polypeptide lacking the
N-terminal and/or C-terminal residues of a reference polypeptide retains therapeutic activity
can readily be determined by routine methods described herein and/or otherwise known in the
art,

[0075] The present invention further provides polypeptides having one or more residues
deleted from the carboxy terminus of the amino acid sequence of a G-CSF protein
corresponding to a G-CSF protein portion of an albumin fusion protein of the invention. In
particular, C-terminal deletions may be described by the general formula 1 to n, wheren is
any whole integer ranging from 6 to q minus I, and where q is a whole integer representing
the total number of amino acid residucs in a reference polypeptide (e.g., a G-CSF protein, or
a G-CSF protein portion of an albumin fusion protein encoded by a polynucleotide or
albumin fusion construct). Polynucleotides encoding these polypeptides are also
encompassed by the invention.

[0076] In addition, the present invention provides polypeptides having one or more residues
deleted from the carboxy terminus of the amino acid sequence of an albumin protein
corresponding to an albumin protein portion of an albumin fusion protein of the invention. In
particular, C-terminal deletions may be described by the general formula 1 to n, wheren is
any whole integer ranging from 6 to 584, where 584 is the whole integer representing the
total number of amino acid residues in mature human serum albumin minus 1.

Polynucleotides encoding these polypeptides are also encompassed by the invention. In
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[0165] Process related inpurities (e.g. yeast host cc 1 proteins) and
product related variants (SEC RP, and | ECG-HPLC) have been
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" total number of amino acid residues in serum albumin minus 1. Polynucleotides encoding

these polypeptides are also encompassed by the invention.
[0077] Moreover, the present invention provides polypeptides having one or more residues
deleted from the carboxy terminus of an albumin fusion protein of the invention. In
particular, C-terminal deletions may be described by the general formula 1 to n, where n is
any whole integer ranging from 6 to ¢ minus 1, and where q is a whole integer representing
the total number of amino acid residues in an albumin fusion protein of the invention,
Polynucleotides encoding these polypeptides are also encompassed by the invention.
[06078] In addition, any of the above described N- or C-terminal deletions can be combined
to produce a N- and C-terminal deleted reference polypeptide. The invention also provides
polypeptides having onc or more amino acids deleted from both the amino and the carboxyl
termini, which may be described generally as having residues m to n of a reference
polypeptide (c.g., a G-CSF protein, or a G-CSF protein portion of an albumin fusion protein
of the invention, or serum albumin, or an albumin protein portion of an albumin fusion
protein of the invention, or an albumin fusion protein, or an albumin fusion protein encoded
by a polynucleotide or albumin fusion construct of the invention) where n and m are integers
as described above. Polynucleotides encoding these polypeptides are also encompassed by
the invention.
[0079] The present application is also directed to proteins containing polypeptides at least
about 80%, about §85%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98% or about 99% identical to a reference G-CSF
polypeptide or a reference albumin polypeptide set forth herein, or fragments thereof. In
preferred embodiments, the application is directed to proteins comprising polypeptides at
least about 80%, about 85%, about 90%, about 91%, about 92%, about 93%, about 94%,
about 35%, about 96%, about 97%, about 98% or about 99% identical to reference
polypeptides having the amino acid sequence of N- and C-terminal deletions as described
above. Polynucleotides encoding these polypeptides are also encompassed by the invention.
[0080] Preferred polypeptide fragments of the invention are fragments comprising, or

alternatively, consisting of, an amino acid sequence that displays a therapeutic activity and/or
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Tabl e 4: Formul ation history Reconmended Process Form storage
tenperature Fornul ati on NEUG O (toxicol ogy) Frozen liquid -20C 2.94

mg/ ML sodiw@6idisake 4. 38 no/ L sodium chloride WO PCT/US2010/021235
2010/ 083434PCT/ US2010/ 021235 34.23 mg/ nmL sucrose 0.01%

pol ysorbatc 80 pH 6.5 NEUG 1 (initial clinical) Lyophilize( cake 2-8C
1.41 ng/ L sodi um phosphate 36.4 ng/nL mannitol 22.7 inghnL trehal ose

E;/g%ﬂr fif @8810%13{2%/&%; @(.)gl,. AR Jg?c%& gctlsvgy)ogil tlZé pzol)lr\lp%%tcl%iezsegﬁéﬂ’cg oF {he %—bgb %raoltgin
or serum albumin protein of which the amino acid sequence is a fragment.
[0081] Other preferred polypeptide fragments are biologically active fragments.
Biologically active fragments are those exhibiting activity similar, but not necessarily
identical, to an activity of the polypeptide of the present invention. The biological activity of
the fragments may include an improved desired activity, or a decreased undesirable activity.

B. Varianis

[0082] “Variant" refers to a polynucleotide or nucleic acid differing from a reference
nucleic acid or polypeptide, but retaining essential properties thereof. Generally, variants are
overall closely similar, and, in many regions, identical to the reference nucleic acid or
polypeptide,
[6083] As used herein, "variant”, refers to a G-CSF protein portion of an albumin fusion
protein of the invention, albumin portion of an albumin fusion protein of the invention, or
albumin fusion protein of the invention differing in sequence from a G-CSF protein, albumin
protein, and/or albumin fusion protein, respectively, but retaining at lcast one functional
and/or therapeutic property thereof as described elsewhere herein or otherwise known in the
art. Generally, variants are overall very similar, and, in many regions, identical to the amino
acid sequence of the G-CSF protein corresponding to a G-CSF protein portion of an albumin
fusion protein, albumin protein corresponding to an albumin protein portion of an albumin
fusion protein, and/or albumin fusion protein. Nucleic acids encoding these variants are also
encompassed by the invention.
[0084] The present invention is also directed to proteins which comprise, or alternatively
consist of, an amino acid sequence which is at least about 80%, about 85%, about 90%, about
91%, about 92%, about 93%, about 94%, about 5%, about 96%, about 97%, about 98%,
about 99% or about 100%, identical to, for example, the amino acid sequence of a G-CSF
protein corresponding to a G-CSF protein portion of an albumin fusion protein of the
invention , albumin proteins corresponding to an albumin protein portion of an albumin
fusion protein of the invention, and/or albumin fusion proteins. Fragments of these
polypeptides are also provided. Further polypeptides encompassed by the invention are
polypeptides encoded by polynucleotides which hybridize to the complement of a nucleic

acid molecule encoding an albumin fusion protein of the invention under stringent
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2-8C 2. 77 noi nL sodi um phosphate 33.79 ng/nL mannitol 22.7 ing/nL
trehal ose di hydratc 0.1 ng/nL pol ysorbate 80 pH 6.0 NEUG 2 (current

clinical )2‘§'b%r§g’/“$ﬁﬁ§ C 2.77 ng/ nL sodi um phosphate 33. 7]9‘:@2%221%}6128?1

manni t ol trehal ose di hydrate 0.1 ng/nL pol ysor

6.0 Table 5: cGW fornul ati on conpari son Exci pient Fornul ation
Attribute Initial Ainical (NEUGI) Current Cinical formulation
(litquid o

QESCEREL I REANC S DR A R

i nj ecti oghiRRRYIHNRNGERRIESEC) at about 45 degrees Celsius, followed by one or more washes
in 0.2 x S8C, 0.1% SDS at about 50-65 degrees Celsius), under highly stringent conditions
(e.g., hybridization to filter bound DNA in 6 x sodium chloride/Sodium citrate (SSC}) at about
45 degrees Celsius, followed by one or more washes in 0.1 x SSC, 0.2% SDS at about 68
degrees Celsius), ot under other stringent hybridization conditions which are known to those
of skill in the art (see, for example, Ausubel, F. M. et al,, eds., 1989 Current protocol in
Molecular Biology, Green publishing associates, Inc., and John Wiley & Sons Inc., New
York, at pages 6.3.1-6.3.6 and 2.10.3). Polynucleotides encoding these polypeptides are also
encompassed by the invention.
[0085] By a polypeptide having an amino acid sequence at least, for example, 95%-
"identical” to a query amino acid sequence, it is intended that the amino acid sequence of the
subject polypeptide is identical to the query sequence except that the subject polypeptide
scquence may include up to five amino acid alterations per each 100 amino acids of the query
amino acid sequence. In other words, to obtain a polypeptide having an amino acid sequence
at least 95% identical to a query amino acid sequence, up to 5% of the amino acid residues in
the subject sequence may be inserted, deleted, or substituted with another amino acid. These
alterations of the reference sequence may occur at the amino- or carboxy-terminal positions
of the reference amino acid sequence or anywhere between those terminal positions,
interspersed either individually among residues in the reference sequence or in one or more
contiguous groups within the reference sequence.
[0086] As a practical matter, whether any particular polypeptide is at least about 80%,
about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about
96%, about 97%, about 98% or about 99% identical to, for instance, the amino acid sequence
of an albumin fusion protein of the invention or a fragment thereof (such as a G-CSF protein
portion of the albumin fusion protein or an albumin portion of the albumin fusion protein),
can be determined conventionally using known computer programs. A preferred method for
determining the best overall match between a query sequence (a sequence of the present
invention) and a subject sequence, also referred to as a global sequence alignment, can be
determined using the FASTDB computer program based on the algorithm of Brutlag et al.

(Comp. App. Biosci. 6:237-245 (1990)). In a sequence alignment the query and subject
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10 naM 20 mM Hi gher ionic strength reduces concentrati on dependent
aggregation Mannitol 200 nM 180 naM Reduced to provide iso-osnotic

sol ution Tyghdlmsssdi hydrate 60 ni M 60 mM Unchanged- act sc-ggsfi$hss
cryo/ lyo protcctant. Polysorbate 80 0.01% 0. 01% Unchanged-1 nhibits

nonspeci fi c aggregati on and adsorption pH 7.2 6.0 Lower pH reduces
concentrati on dependent aggregation Exanple 7: Testing NEUG 1 and

NEUG- 2 WO 2010/ 08343 / 0/ 021235 ffects H‘ n
hospra ERGREAE B SRk SRR ettt poayeig FdoBa Shndibiing
resul ts ik gpibayegudnte iigamert xsshmmsawwenmemﬁt PRA&SHH @drabiéteRudPliC
of NEUG in PMIT10/7.2 and in PMIT20/6.0 g/bomvl Phosphate, 180 naM

Manni t ol @ FAST Ry emiemanid aléennien| e aylatixoP 408 (aipwle= Wgﬁ%?@@é’@@alwl pH
6. 0) resmﬁ¢ v&imrz%?ﬁah@o%m?afah%eﬁﬁ%ﬁw etlo f@cB%e went rations

at a range o to 120 ng/t e incu ate for 24
hour s prbiee=sequepes ietgth Aded E@ﬂlﬁy—S[ 026 8]ze Resallyt=§. OéhW\mchow &mjﬁ(}@ prthat

reducti ons .of ~pur.i.t. vvere observed w F at concentrations
of up topli%tg ﬁ%&eﬁ?bjgﬁ %eqbe‘?&r‘ﬁtlﬁr’lhet"?“ﬁq%% ‘er as measured by
SEHPLC, \bs7icas themugw'@&@deﬁce?mtshﬁfe@ thaR ShedqukB6caGaice 8ad 100 drT-feBnimel
2. Effec s of pH and phqosphate concentration on aggregati on of

r HA- G- CSEelstiopgapt tesause &4 iritergal ielegpuy a gnanpal gpregctign %ﬁb\}@ Aydrte g ieams.
measur edrigy IS%CHD !‘r@eq{AS@I{b@g{o@m{ s grb%'c:odn@ ?d%t?@taﬁg Caiten'ﬁ{r}aloiun%écgné gp%

RE for a maxinmal period days 1n PMIT20/6.0 or in PMIT1
[ 0170] Résambjsctsﬂmv&nwovlmngnicﬁhan@mgiob@gﬁ@gﬁﬁtﬁd@mt}f r‘fcxrelal:ae:tmembser ved
after |ncuba samles |

BMIT20/ ot 6P ALPRNT SR urPuf sl E 4 B BT Re RO AR SR et e

sane conglricc@ddy IcﬁlcdRMTTg]i@é ﬁmﬁbél Qf asldats othdyid eseqabveicht arc@% dndcr-ease

' aggr et%?énlnal of the subject 5cquent|<|:3 I?v%mch are ?Lcr)tl rrsl‘?tghc%}callyrllzclc)i%vftl'h c\{ gr?clggonNdllzngU%u%_] ect
residue, as a percent of the total bases of the query sequence. Whether a residuc is
matched/aligned is determined by results of the FASTDB sequence alignment. This
percentage is then subtracted from the percent identity, calculated by the above FASTDB
program using the specified parameters, to arrive at a final percent identity score. This final
percent identity score is what is used for the purposes of the present invention. Only residues
to the N- and C-termini of the subject sequence, which are not matched/aligned with the
query sequence, are considered for the purposes of manually adjusting the percent identity
score. That is, only query residue positions outside the farthest N- and C-terminal residues of
the subject sequence.
[0088] For example, a 90 amino acid residue subject sequence is aligned with a 100 residue
query sequence to determine percent identity. The deletion occurs at the N-terminus of the
subject sequence and therefore, the FASTDB alignment does not show a matching/alignment
of the first 10 residues at the N-terminus. The 10 unpaired residues represent 10% of the
sequence (number of residues at the N- and C-termini not matched/total number of residues
in the query sequence) so 10% is subtracted from the percent identity score calculated by the
FASTDB program. If the remaining 90 residues were perfectly matched the final percent
identity would be 90%. In another example, a 90 residue subject sequence is compared with

a 100 residue query sequence. This time the deletions are internal deletions so there are no
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101711 SEC-HPLC anal ysis and RP-HPLC analysis of NEUG 1 and NEUG 2 is
shown in FIG 14A and 14B. 4. Charge conparability, peptide
mappi ng a Pfdids¥s®f NEUG 1 and NEUG 2 [0172] The chargeusinionzizss
heterogeng?}?y o{ NI%UGl (referred to as "IF" in the flglg“?resjszan(qu\ﬁt)@
(referred to as "2P" in the figure) were conpared by | EC HPLC.
Results are shown in FIG 15A. The identity of the two peptides

NEUG 1, "I P" d NEUG 2, "2P! S al so conmpared b epti ppi ng
fs. shownerifugy e Pt Crilupisf oashe PPl rIREB N e RS iAo b
conpar edhbYuSPSiPhERad e HOeER S&khtyth 48lafdal, HARI THS is%@%mka’ﬂy Rbiectdd -

The sanples in each |ane are shown in Table 6, bel ow. )
201010832zuePpeTn e 0cs6iue 2esRons pasids the NSandil derminé ety of Heoubs- PAGE

er ker Do IR eRug 9By RERREA PAY P SBEh e g 88 Yt Mlbhed P Ry
Reduced diggy Sqiddebl@edharZlPantotd @, DO63BerBudnkalReraciéths 4@go made for the

purposes of the present invention.

[0089] The variant will usually have at least about 75% (in other embodiments at Jeast
about 80%, about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98% or about 99%) sequence identity with a length of
normal HA or G-CSF protein which is the same length as the variant. Homology or identity
at the nucleotide or amino acid sequence level is determined by BLAST (Basic Local
Alignment Search Tool) analysis using the algorithm employed by the programs blastp,
blastn, blastx, tblastn and tblastx (Karlin et al., Proc. Natl. Acad. Sci. USA 87; 2264-2268
(1990) and Altschul, J. Mol. Evol. 36: 290-300 (1993), fully incorporated by reference)
which are tailored for sequence similarity scarching,

[0090] The approach used by the BLLAST program is to first consider similar segments
between a query sequence and a database sequence, then to evaluate the statistical
significance of all matches that are identified and finally to summarize only those matches
which satisfy a preselected threshold of significance. For a discussion of basic issues in
similarity searching of sequence databases, see Altschul et al., (Nature Genetics 6: 119-129
(1994)) which is fully incorporated by reference. The search parameters for histogram,
descriptions, alignments, expect (i.e., the statistical significance threshold for reporting
matches against database sequences), cutoff, matrix and filter are at the default settings. The
default scoring matrix used by blastp, blastx, tblastn, and thlastx is the BLOSUM®62 matrix
{Henikoff et al., Proc. Natl. Acad. Sci. USA 89: 10915-10919 (1992), fully incorporated by
reference). For blastn, the scoring matrix is set by the ratios of M (i.e., the reward score for a
pair of matching residues) to N (i.e., the penalty score for mismatching residues), wherein the
default values for M and N are 5 and -4, respectively. Four blastn parameters may be adjusted
as follows: Q-10 (gap creation penalty); R=10 (gap extension penalty); wink=1 (genecrates
word hits at every wink.sup.th position along the query); and gapw=16 (sets the window

width within which gapped alignments are generated). The equivalent Blastp parameter
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4 NA NA NA NA 5 (NEUG 1) LDC-2378-R CGL0639 Reference Standard Non-
Reduced 4gg 6 (NEUG 2) 071025001 CGL0639 Bul k Non- Reduced 4gg 7
1373336 Sig® Mandseiss 12 NA NA 8 NA NA NA NA 9 NA PCT/US2010/021235

settings were Q=9; R=2; wink=1; and gapw=32. A Bestfit comparison between sequences,
available in the GCG package version 10.0, uses DNA parameters GAP=50 (gap creation
penalty) and LEN=3 (gap extension penalty) and the equivalent settings in protein
comparisons are GAP=8 and LEN=2,

[(0091] The polynucleotide variants of the invention may contain alterations in the coding
regions, non-coding regions, or both. Especially preferred are polynucleotide variants
containing alterations which produce silent substitutions, additions, or deletions, but do not
alter the properties or activities of the encoded polypeptide. Nucleotide variants produced by
silent substitutions due to the degeneracy of the genetic code are preferred. Moreover,
polypeptide variants in which less than 50, less than 40, less than 30, less than 20, less than
10, or 5-50, 5-25, 5-10, 1-5, or 1-2 amino acids are substituted, deleted, or added in any
combination are also preferred. Polynucleotide variants can be produced for a variety of
reasons, ¢.g., to optimize codon expression for a particular host (change codons in the human
mRINA to those preferred by a bacterial host, such as, yeast or E. coli).

[0092] In a preferred embodiment, a polynucleotide of the invention which encodes the
albumin portion of an albumin fusion protein is optimized for expression in yeast or
mammalian cells. In a further preferied embodiment, a polynucleotide of the invention
which encodes the G-CSF protein portion of an albumin fusion protein is optimized for
expression in yeast or mammalian cells. In a still further preferred embodiment, a
polynucleotide encoding an albumin fusion protein of the invention is optimized for
expression in yeast or mammalian cells.

[0093] In an alternative embodiment, a codon optimized polynucleotide which encodes a
G-CSF protein portion of an albumin fusion protein does not hybridize to the wild type
polynucleotide encoding the G-CSF protein under stringent hybridization conditions as
described herein. In a further embodiment, a codon optimized polynucleotide which encodes
an albumin portion of an albumin fusion protein does not hybridize to the wild type
polynucleotide encoding the albumin protein under stringent hybridization conditions as
described herein. In another embodiment, a codon optimized polynucleotide which encodes
an albumin fusion protein does not hybridize to the wild type polynucleotide encoding the G-
CSF protein portion or the albumin protein portion under stringent hybridization conditions

as described herein.
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NA NA NA 10 NA NA NA NA 5. Freeze-Thaw [0174] The effects of

Freeze- Thaw were evaluated with NEUG 2 (in PMIT20/6.0) buffer with
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RINA mediated addition of amino acids to proteins such as arginylation, and ubiquitination.
(See, for instance, PROTEINS--STRUCTURE AND MOLECULAR PROPERTIES, 2nd
Ed., T. E. Creighton, W. H. Freeman and Company, New York (1993); POST-
TRANSLATIONAL COVALENT MODIFICATION OF PROTEINS, B. C. Johnson, Ed.,
Academic Press, New York, pgs. 1-12 (1983); Seifter et al., Meth. Enzymol. 182:626-646
(1990); Rattan et al., Ann. N.Y. Acad. Sci. 663:4862 (1992)).

C. Functional Activity
[0104] "A polypeptide having functional activity" refers to a polypeptide capable of
displaying one or more known functional activities associated with the full-length, pro-
protein, and/or mature form of a G-CSF protein. Such functional activities include, but are
not limited to, biclogical activity, antigenicity [ability to bind (or compete with a polypeptide
for binding) to an anti-polypeptide antibody], immunogenicity (ability to generate antibody
which binds to a specific polypeptide of the invention), ability to form multimers with
polypeptides of the invention, and ability to bind to a receptor or ligand for a polypeptide.
[0105] "A polypeptide having biological activity" refers to a polypeptide exhibiting activity
similar to, but not necessarily identical to, an activity of 2 G-CSF protein of the present
invention, including mature forms, as measured in a particular biological assay, with or
without dose dependency.
[6106] In preferred embodiments, an albumin fusion protein of the invention has at [east
one biological and/or therapeutic activity associated with the G-CSF protein portion (or
fragment or variant thereof) when it is not fused to albumin.
[0107] The albumin fusion proteins of the invention can be assayed for functional activity
(c.g., biological activity) using or routinely modifying assays known in the art, as well as
assays described herein. Additionally, one of skill in the art may routinely assay fragments of
a G-CSF protein corresponding to a G-CSF protein portion of an albumin fusion protein.
Further, one of skill in the art may routinely assay fragments of an albumin protein
corresponding to an albumin protein portion of an albumin fusion protein, for activity using
assays known in the art and/or as described in the Examples section below.
[0108] For example, in one embodiment where one is assaying for the ability of an albumin

fusion protein to bind or compete with a G-CSF protein for binding to an anti- G-CSF
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polypeptide antibody and/or anti-albumin antibody, various immunoassays known in the art
can be used, including but not limited to, competitive and non-competitive assay systems
using techniques such as radioimmunoassays, ELISA (enzyme linked immunosorbent assay),
"sandwich" immunoassays, immunoradiometric assays, gel diffusion precipitation reactions,
immunodiffusion assays, in situ immunoassays (using colloidal gold, enzyme or radioisotope
labels, for example), western blots, precipitation reactions, agglutination assays (e.g., gel
agglutination assays, hemagglutination assays), complement fixation assays,
immunofluorescence assays, protein A assays, and immunoelectrophoresis assays, etc. In
one embodiment, antibody binding is detected by detecting a label on the primary antibody.
In another embodiment, the primary antibody is detected by detecting binding of a secondary
antibody or reagent to the primary antibody. In a further embodiment, the secondary
antibody is labeled. Many means are known in the art for detecting binding in an
immuneassay and are within the scope of the present invention,

{0109] In a preferred embodiment, where a binding partner (e.g., a receptor or a ligand) of a
G-CSF protein is identified, binding to that binding partner by an albumin fusion protein
which comprises that G-CSF protein as the G-CSF protein portion of the fusion can be
assayed, e.g., by means well-known in the art, such as, for example, reducing and non-
reducing gel chromatography, protein affinity chromatography, and affinity blotting, See
generally, Phizicky et al., Microbiol. Rev. 59:94-123 (1995). In another embodiment, the
ability of physiological correlates of an albumin fusion protein to bind to a receptor(s) of the
G-CSF polypeptide corresponding to the G-CSF protein portion of the fusion can be routinely
assayed using techniques known in the art.

[0110] In an altemnative embodiment, where the ability of an albumin fusion protein to
multimerize is being evaluated, association with other components of the multimer can be
assayed, e.g., by means well-known in the art, such as, for example, reducing and non-
reducing gel chromatography, protein affinity chromatography, and affinity blotting. See
generally, Phizicky et al., supra.

[0111] Immunoassays which can be used to analyze binding and cross-reactivity and to
confirm the identity of a HAS-G-CSF fusion include, but are not limited to, competitive and
non-competitive assay systems using techniques such as western blots, radioimmunoassays,

ELISA (enzyme linked immunosorbent assay), "sandwich" immunoassays,
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immunoprecipitation assays, precipitin reactions, gel diffusion precipitin reactions,
immunodiffusion assays, agglutination assays, complement-fixation assays,
immuneradiometric assays, fluorescent immunoassays, and protein A immunoassays, to

name but a few. Such assays are routine and well known in the art (see, e.g., Ausubel et al,
eds, 1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New
York, which is incorporated by reference herein in its entirety).

[0112] Antibodies that bind a G-CSF protein corresponding to the G-CSF protein portion of
an albumin fusion protein may also be described or specified in terms of their binding affinity
for a given protein or antigen, preferably the antigen which they specifically bind. Preferred
binding affinities include those with a dissociation constant or Kd less than 5 x 102 M, 107
M,5x 10° M, 107 M,5x 10 M, 10™* M. More preferred binding affinities include those
with a dissociation constant or Kd less than 5 x 10° M, 107 M, 5x 10°¢ M, 10 M, 5x 107
M, 107 M, 5x 10® M or 10® M. Even more preferred binding affinities include those with a
dissociation constant or Kd less than 5 x 107 M, 10° M, 5x 10™° M, 10" M, 5x 10" M, 10°
UM, 5x 10 M, 10 M, 5x 107 M, 10 M, 5x 10 M, 10" M, 5 x 10" M, or 10°° M.
In addition, assays described herein and otherwise known in the art may routinely be applied
to measure the ability of alburnin fusion proteins and fragments, variants and derivatives
thereof to elicit biological activity and/or G-CSF activity (either in vitro or in vivo) related to
either the G-CSF protein portion and/or albumin portion of the albumin fusion protein. Other

methods will be known to the skilled artisan and are within the scope of the invention.

VI. HSA-G-CSF fusion protein

[0113] Rccombinant human albumin-human granulocyte colony stimulating factor (rHSA-
G-CSF) is a G-CSF analogue. Examples of tHSA-G-CSFs are described in U.S. Patent No.
5,665,863 and in U.S. Patent No. 7,041,478 hereby incorporated by reference.

[0114] Another example of tHSA-G-CSF is Neugranin™ which is being developed by
Teva Biopharmaceuticals USA LTD. Neugranin™ (“NEUG”) is a 759 amino acid fusion
polypeptide with a molecular mass of approximately 85 kDa connected in a single chain.
Residues 1-585 correspond to the mature form of HSA, and residues 586-759 correspond to

the mature form of human G-CSF. The Neugranin™ fusion polypeptide is shown in FIG. 9.

VII. Producing the fusion protein
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[0115] Examples of the synthetic process of manufacture of rHSA-G-CSF are described in
U.S. Patent Application Serial No. 11/929,828 hereby incorporated by reference in its
entirety. In some embodiments, NEUG is procduced using a yeast host system
(Saccharomyces cerevisiae) genetically engineered to express the NEUG fusion protein,
NEUG is harvested from the fermentation medium of the yeast culture and purified using
methods well known in the art (e.g., by a series of chromatography and filtration steps, such
as affinity chromatography and ion exchange chromatography).

[0116] In one non-limiting example, a NEUG fusion construct was developed as follows.
The full-length albumin ¢cDNA was isolated from a human ¢DNA library in the laboratory of
Dr. F.E. Baralle at the University of Oxford, UK. This clone was sent to Delta
Biotechnology Limited, Nottingham, UK, as the plasmid pAT153ALB. In addition, the 6-
arnino acid HSA pro-peptide (RGVFRR) was miodified to facilitate more efficient processing
in yeast (RSLDKR).

[0117} The Neugranin production plasmid is based on the 2-u plasmid found in wild type
Saccharomyces cerevisiae. The pSAC35-based expression vector (patents EP 286 424 B, US
5,637,504) contains the LEUZ2 gene from Saccharomyces cerevisiae as a selectable marker
that complements the leucine-deficiency of the production host. This production plasmid
also contains a strong yeast promoter, PRB1, and sequences from plasmid pUC9 that permit
cloning and propagation in E. coli. In addition, the plasmid exhibits the unique attribute in
which it eliminates the pUC9-derived scquences required for propagation in £. coli once
transformed into yeast. This is accomplished by flanking FLP recognition targets and the
expression of the yeast FLP recombinase from the plasmid once in yeast. Thus, no bacterial
DNA is present in the organism used for production of NEUG. This is confirmed by rescue
and sequence of the 2um plasmid from the yeast after the master cell bank is generated.
[0118] As described above, the NEUG production plasmid, termed CID1643
(pPSAC35:HSA.GCSF(T31-P204)), was derived from the pSAC35-based expression vector.
The region corresponding to T31-P204 of human G-CSF was amplified by PCR, while
adding the appropriate 5° and 3’ restriction sites to permit a seamless fusion to the 3’*-end of
the HSA open reading frame.

[6119] NEUG seed vials were used to prepare a cGMP master cell bank (MCB) at Human

Genome Sciences, Inc., (HGS) in Rockville, MD. The testing and characterization of the
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NEUG MCB was undertaken at Charles River Laboratories (Malvemn, PA, USA) and Lark
Technologies (Houston, TX, USA) in compliance with the ICH guideline Q5D (Derivation
and Characterization of Cell Substrates Used for Production of Biotechnological/Biclogicals
Products).

[0120] A cGMP working cell bank (WCB) derived from this MCB was subsequently
generated and tested at Charles River Laboratories (Malvern, PA, USA).

[0121] All media components used in the manufacture of the NEUG cell line banks were
synthetic, biosynthetic or plant derived. No components of animal or human origin were
used during cell line or cell bank preparation.

[0122] The cell banks is stored at <-135°C in a cryopreservation media in pre-sterilized 1.8
mL Nunc polypropylene tubes with internally threaded caps.

[0123] Non-limiting, exemplary methods of isolating, purifying and preparing the rtHSA-G-
CSF fusion protein for pharmaceutical use are provided below, in the Experimental

Examples.

VIII. Preparation of therapeutic proteins

[0124] Therapeutic proteins in their native state or when recombinantly produced, such as
interferons and growth hormones, are typically labile molecules exhibiting short shelf-lives,
particularly when formulated in aqueous solutions. The instability in these molecules when
formulated for administration dictates that many of the molecules must be lyophilized and
refrigerated at all times during storage, thereby rendering the molecules difficult to transport
and/or store. Storage problems are particularly acute when pharmaceutical formulations must
be stored and dispensed outside of the hospital environment. Albumin fusion proteins
comprising a therapeutic protein have demonstrated extended shelf life compared to the shelf
life of the same therapeutic protein when not fused to albumin. Shelf-life typically refers to
the time period over which the therapeutic activity of a therapeutic protein in solution or in
some other storage formulation, is stable without undue loss of therapeutic activity.

[0125] Nevertheless, aggregation and chemical instability are major obstacles in developing
formulations for albumin fusion proteins comprising a therapeutic protein. Aggregation of

pharmaceutical formulations can be very deleterious since it reduces activity, and increases
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drug clearance due to the aggregate's immunogenic activity (Pinckard et al. 1967, Robbins et
al. 1987, Cleland et al., 1993).

[0126] Presented below are a number of non-limiting examples which illustrate various

aspects of the methods and compositions described herein.

IX. Experimential Examples

[0127] The following examples are given to illustrate the present invention. It should be
understood, however, that the invention is not to be limited to the specific conditions or
details described in these examples. All publically available documents referenced herein,
including but not limited to US patents, are hereby incorporated by reference.

[0128] In Examples 1, 2, and 6, three different, non-limiting formulations of
pharmaceutical Neugranin™ (“*NEUG”) compositions are presented. Each formulation
comprises the NEUG fusion polypeptide shown in FIG. 9. The method and resulting
composition described in section A are broadly referred to as “NEUG-0.” The method and
resulting composition described in section B are broadly referred to as “NEUG-1,” and the
method and resulting composition described in section E are broadly referred to as “NEUG-
5

[0129] NEUG is a fusion polypeptide with a molecular mass of approximately 85 kDa
connected 1n a single chain comprising residues 1-5835 corresponding to the mature form of
HSA, and residues 586-759 corresponding to the mature form of human G-CSF. The amino
acid sequence of NEUG fusion protein is shown in FIG. 9.

Example 1: Preparation of therapeutic NEUG-§

[0130] NEUG-0 was manufactured for usc in toxicology experiments. The formulation
included NEUG at 4.0 mg/ml in 10 mM citrate, 75 mM sodium chloride, 100 mM sucrose,
0.01% polysorbate 80, and was buffered to pH 6.5.

Safety/Toxicology
{0131] The non-clinical safety of NEUG was assessed in monkeys. Repeat exposure {once-
weekly for 4 weeks) at 100, 500, 1000 ug/kg NEUG was well tolerated, with no mortality,

morbidity, or changes in body weight or food consumption. There were not gross or
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microscopic changes that were considered adverse toxicities. Treatment related observations
were limited to expected pharmacology of G-CSF administration (e.g., neutrophilia, slight
increase in spleen weight, myeloid hyperplasia) and were not considered toxicities. The
NOAEL in monkey was > | mg/kg/week, which was ~12 fold higher than observed
following a dose of 0.45 mg/kg in humans. Treated animals also showed an increase in ANC
and WBC. (Data not shown).

Example 2: Preparation of therapeutic NEUG-1

{0132] NEUG-1 was manufactured for clinical studics in humans, The formulation
included NEUG at 15.0 mg/ml, in PMMT10/7.2 (10 mM sodium phosphate, 200 mM
mannitol, 60 mm trehalose dehydrate, 0.01% (W/V) polysorbate-80, at pH 7.2.
[0133] The composition of NEUG-1 is provided in Table 1, below.

Table 1: Composition of NEUG-1 Drug Product

Ingredient Concentration Amount Grade Purpose
deliverable
per vial®
Neugranin 15.0 mg/mL 15.0 mg API
Sodium phosphate 0.44 mg/mL 242 mg USP, multi- | Buffering agent
monobasic (3 mM) compendial
Sodium phosphate 0.97 mg/mL 0.35mg USP, multi- | Buffering agent
dibasic (7 mM) compendial
Mannitol 36.4 mg/mL 3279 mg USP, multi- | Buffering agent
(200 mM) compendial
Trehalose dihydrate 22.70 mg/mL 22.7mg High purity Cryoprotectant
(60 mM)
Polysorbate 80 0.1 mg/mL 0.1 mg USP, multi- Inhibit
(0.01%) compendial aggregation
Sterile WFI Reconstitute 1.0 mL USP Diluent
with 1.0 mL

“A 0.16 mL overage is included in each vial to assure the 1.0 mL deliverable volume.
[0134] One exemplary method for the manufacture of butk drug substance (“BDS”) for
NEUG-1 is shown by the non-limiting process steps of FIG. 13. The BDS is then stored at
about -80°C (nominal value, acceptable range of storage temperature 1s about -65°C).
[0135] To improve the robustness of the formulation for shipping and storage at clinical
sites, as well as to provide a stable product with an expected long shelf life, a lyophilized

form of NEUG-1 has been developed. Methods of freeze-drying are well known in the art,
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and one exemplary method, which forms elegant, lyophilized cakes, was performed as

described in the following steps.

Step 1: thawing and dilution of bulk drug substance

[0136] Containers of NEUG bulk drug substance are thawed at 15 to 30°C. The bulk drug
substance is pooled (if necessary), mixed, and protein concentration determined by
absorbance at 280 nm. The bulk drug substance concentration is used to calculate the amount
of dilution buffer required. Density and pH arc also measured. Formulation buffer is used to

dilute the bulk drug substance to the desired final concentration.

Step 2: sterile filtration

[0137] The diluted solution is transferred from the formulation arca into a sterile receiving
vessel through sterile filters that have been integrity tested. The filtration-train consists of two
0.2 um PVDF filters in series. All filters are previously unused and are integrity tested and

disposed of post-manufacturing.

Step 3: filling and partial stopperine

[0138] Neugranin is filled into depyrogenated 3 mL USP Type I glass vials, partially
stoppered, and trayed onto bottomless [yophilization trays. Weight checks are performed

throughout the filling operation to verify fill volume.

Step 4: lvophilization

[0139] The lyophilization cycle is controlled by chamber pressure and shelf temperature.
Product temperature is monitored by product thermocouples placed throughout the
lyophilization chamber. Partially stoppered vials are loaded onto pre-chilled shelves and
frozen at a controlled rate. An annealing step is performed to promote crystallization of
mannitol (bulking agent). Primary drying is then performed and verified by monitoring
thermocouples. Secondary drying is performed to achieve the desired moisture content. At
the end of secondary drying, the vacuum in the lyophilization chamber is relcased by venting

0.2 um sterile-filtered nitrogen into the chamber.

Step 5: sealing and capping
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[0140] The stoppers are seated into the vials under a partial vacuum {ca 11-12 psia). The
product trays are unloaded and the vials are capped.

[0141] The initial lyophilized clinical material (NEUG-1) has proven quite stable, with a
current shelf-life of 2 years (when stored at 2-8°C) which will likely be further extended as

data from continuing stability studies is reviewed.

Example 3: General properties of a NEUG-1 reference standard, Lot 2378-R

[0142] A varicty of mcthods have been developed to examine the physiochemical and
biological characteristics of NEUG. One lot of NEUG termed reference standard Lot 2378-
R, contains 21.3 mg/ml. NEUG and was formulated in 10 mM sodium phosphate, 200mM
mannitol, 60mM trehalose dehydrate, and 0.01% (w/v} polysorbate 80 at pH 7.2
(PMTT10/7.2). Physicochemical characterization was performed on the reference standard
lot and the test attributes, analytical methods and a summary of results is provided in Table 2,

below.

Table 2: Characterization of NEUG-1 lot 2378-R
Afttribute Analytical Method Lot 2378-R (NEUG-1)
Appearance Visual ingpection Clear, pale yellow
pH pH clectrode 7.3
Eggf:{zlrlltration Adgo 21.3 mg/mlL
Osmolality Freezing Point 313 mOsm/kg
_ SDS-PAGE {Reduced Reduced: 99%
Purity %%%gggéfedgﬁfg stain) Nonreduced: 98%
Purity SEC-HPLC 97.4%
Purity RP-HPLC 83.9%
I(—:I]é?érgfgeneity IEC-HPLC 84.8%
Established as reference
Purity SDS-PAGE (silver stain) standard (No bands present
at >1% of main band)
Bioburden Membrane filtration Ocfu/10mL
Endotoxin Kinetic turbidimetric 0.293 EU/mg
Residual DNA Threshold <4 pg/mg
Identity ELISA Identity confirmed
o o $5086) ESUMS 85087 Da
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Appear ance (Visual inspection) CPF CPF CPF CPF CPF pH 7.3 7.2 7.3 7.3
7.2 CGsmolality (nOsm kg) 313 326 307 315 323 Concentration (A280)

(nmg/ ) 21W8 231%](@34&6' 2.21.8 22.7 PCT/US2010/021235

Table 2: Characterization of NEUG-1 lot 2378-R

Attribute Analytical Method Lot 2378-R (NEUG-1)
%igrﬁitthSExp coted: N-terminal sequencing >95% DAHKS

. i i Established as reference
Identity Peptide Map (reducing) standard (>96% sequence

covered)
Yeast Host Cell
Protein ELISA 49 ng/mg
: Bioassay (NFS60 cell ECs¢=197.6 £ 41.6 pg/mL

Potency N AN ot niishon a5 1ot )

[0143] SDS-PAGE analysis of NEUG-1 Lot 2378-R with Coomassie blue stain results ina
single band (FIG. 19). A representative SEC-HPLC and RP-HPLC chromatogram of
NEUG-! Lot 2378-R is also shown in FIGS. 19A and 19B, respectively.

Example 4: Testing NEUG-0 and NEUG-1 Formulations
1. Effect of Protein Concentration on rHSA-G-CSF Monomer Purity

[0144] Recombinant human albumin-human granulocyte colony stimulating factor (rHSA-
G-CSF) at concentrations ranging from 2.5 to 240 mg/ml was incubated in PMTT10/7.2
(10mM Phosphate, 190 mM mannitol, 60 mM trehalose dihydrate, 0.01% (W/V) polysorbate
80, pH 7.2} at 25°C for 24 hours. Subsequent to incubation, monomer purity was measured
by SE-HPLC.

[0145] The results (FIG. 1) show that aggregation increased with increasing rHSA-G-CSF

concentration.

2. Effect of pH on rHSA-G-CSF Aggregation

[0146] Recombinant human albumin-human granulocyte colony stimulating factor at a
concentration of 15 mg/ml and 60 mg/ml was incubated at 25°C for 7 days in PMTT10
(10mM Phosphate, 190 mM Mannitol, 60 mM Trehalose Dihydrate, 0.01% (W/V)
Polysorbate 80) at a pH of 6.0, 6.8, 7.2, and 8.0. Subsequent to incubation rHA-G-CSF

monomer purity was measured by SE-HPLC.

{0147} The results (FIG. 2) demonstrate that aggregation increased with increasing pH, and

accelerated by increased protein concentration.
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Purity (SDS-PACGE), Reduced (A) 99 100 100 100 100 Purity (SOCS-PAGE),
Non-reduced ("A) 98 100 100 100 100 Purity (SEC-HPLC) (A) 97.4 96.6

07,595, 3 9Bzl y (R HPLO) WP (% 83.9 840 84. 6 Ryisfinsinst 1

3. Effect of Temperature on rHSA-G-CSF Aggregation

[0148] Recombinant human albumin-human granulocyte colony stimulating factor at a
concentration of 60 mg/ml was incubated in PMTT10/7.2 buffer at 4°C, 25°C, or 40°C for 24
hours. Subscquent to incubation rHSA-G-CSF monomer purity was measured by SE-HPLC.
{0149] The results (FIG. 3) demonstrate that aggregation was accelerated with increasing

temperature.

4, Effect of pH on rHSA-G-CSF Aggregation

[0150] Recombinant human albumin-human granulocyte colony stimulating factor at a
concentration of 48 mg/ml was incubated at 25°C for up to 3 days in PMTT10 (10mM
phosphate, 190 mM mannitol, 60 mM trehalose dihydrate, 0.01% (W/V) polysorbate 80) at a
pHof 5.8, 6.3, 6.4, 0or 7.0, or in CMTT10 (10mM sodium citrate, 190 mM mannitol, 60 mM
trehalose dihydrate, 0.01% (W/V) polysorbate 80) buffer at a pH of 6.2. Recombinant human
albumin-human granulocyte colony stimulating factor monomer purity was measured by SE-
HPLC atday 0, 1, 2, and 3 after incubation.

[0151] The results (FIG. 4, and FIG. 10) demonstrate that most of the aggregation occurred

in the first day of incubation and that the rate of aggrepation increased due to increasing pH.

5. Effect of pH on rHSA-G-CSF Aggregation

[0152] Recombinant human albumin-human granulocyte colony stimulating factor at a
concentration of 15 mg/ml or 60 mg/m! was incubated at 4°C, 25°C, or 40°C for up to 10 days
in PMTTLO at a pH of 6.0, 6.8, 7.2, or 8.0. Monomer purity was measured by SE-HPLC at
day 0, 1, 7, and 10 after incubation,

[0153] Theresults (FIG. 11) demonstrate that aggregation increased with increasing pH,

and accelerated by increased temperature and protein concentration.

6. Effect of pH on rHSA-G-CSF Bioactivity

[0154] Recombinant human albumin-human granulocyte colony stimulating factor at a
concentration of 15 mg/ml or 60 mg/ml was incubated at 4°C, 25°C, or 40°C for up to 10 days
in PMTT10 at a pH of 6.0, 6.8, 7.2, or 8.0. Bioactivity was measured by Bioassay at day 0,

and either day 7 or day 10 after incubation.
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12.0 12.4 12.4 WMP + P-1 (% 96.4 96.5 96.6 96.0 94.9 Purity
(IE-HPLC) (% 84.8 84.4 80.4 77.8 68.6 Potency (relative potency,

bi oassay) W#208483:398 107 128 99'9 [0209] No signifi camtT/u$mmnyes23sn
any paraneter were seen out to 36 nonths at the recomended storage
condition, out to 18 nmonths at -20C or out to 12 nonths at 2-8C
[0210] 1 nonth data is shown for the NEUG 2. No significant changes

under thmissc d e ssdoat=a9 roﬁ&?ﬂé i REonsé tod & AF Al I@EL%@ & ®is
noted. Table 10 able 10: Stability data for NEUG 2 Attributes Tine

( mont hs) ass®Q @;O,ﬁ?i)(h@ell(wf@jhwn@)platgbl@ afibriecl misraphey and were treated with NEUG
protemns for 20 hours at 37°C. After a 20-hour incubation the NFS-60 cells were pulsed with

0.5 uCi/well of [3H]-Thymidine for 4 hours, and the level of DNA synthesis, as measured by
[3H]-Thymidine incorporation, was determined. For statistical analysis, the measurement of
[3H]-Thymidine incorporation as a function of NEUG concentration was modeled using a
four-parameter logistic model and EC50 values (pg/mL) were determined. Results for test
proteins are reported as a relative potency (RP%) value, generated by comparing EC50 value
of reference standard to the EC50 of the test sample analyzed within the same assay [RP% =
{(EC50 reference/ EC50 sample)*100].

[0156] The results (FIG. 12) demonstrate that activity of tHSA-G-CSF was better

maintained when incubated in low pH.

7. Effects of Salt concentration on aggregation of rHSA-G-CSF

[0157] The ionic strength of the rHA-G-CSF 60mg/ml solutions was controlled by altering
the amount of sodium chloride in the solution. The formulation buffer was PMTT10/7.2.
Samples were mcubated for 1 day at 25°C/60% RH, at a sodium chloride concentration of
SmM, 10mM, 20mM, or 50mM, and subscquently tested by SE-HPLC.

[0158] The results show that increasing the salt concentration decreased rHSA-G-CSF

aggregation (FIG. 5).

8. Effects of phosphate concentration on aggregation of rHSA-G-CSF

[0159] The ionic strength of the rHSA-60mg/ml G-CSF solutions was controlled by
altering thc amount of phosphate in the solution. The formulation buffer was PMTT pH 7.2.
Samples were incubated for 1 day at 25°C/60% RH, and at a phosphate concentration of
I3mM, 20mM, 25mM, 30mM, 40mM, or 50mM and subsequently tested by SE-HPLC.
[0160] The results show that increasing the phosphate concentration decreased rHSA-G-
CSF aggregation (FIG. 6).

Example 5: Preparation of therapeutic NEUG-2
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2-8C

01010 1 Appearance (visual

i nspection) CP CP CP CP CP

CP Concentration (A280) (ng/nil) 57.5 58.3 57.5 60.8 57.5 58.7 pH 6.0

6.0 6.0 w0 2010/083434 PCT/US2010/021235
[0161] NEUG-2 was manufactured for clinical studies for use and administration at higher
concentrations. The formulation included NEUG at 50.0 mg/mi in PMMT20/6.0 (20 mM
sodium phosphate, 180 mM mannitol, 60 mM trehalose, 0.01% polysorbate-80).

[0162] Essentially, the same process of fermentation and purification was followed as
shown for NEUG-1 (see e.g., FIG 13).
[0163] NEUG-2 was prepared both as a liquid and in lyophilized form. The lyophilized
form was prepared to improve the robusiness of the formulation for shipping and storage at
clinical sites, as well as to provide a stable product with an expected long shelf life. NEUG-2
was freeze-dried using the identical freeze-dry cycle as described for NEUG-1. The NEUG-2
formulation also produced well-formed, pharmaccutically clegant cakes.
Example 6: Comparison of NEUG-0, NEUG-1 and NEUG-2 Formulations
[0164] Table 3 shows the physiochemical comparability of NEUG-0, the standard lot of
NEUG-1 (reference standard 2378-R) and three different lots of NEUG-2. In the table, “CP”
means clear, pale yellow. “ND” means not determined.
Table 3: Physiochemical comparability of NEUG-0, NEUG-1 and NEUG-2
NEUG-0 NEUG-2 NEUG-2 NEUG-2
Toxicology NEUG-1
Analytical (lot 2579- | Currentref | Clinicallot | Clinical lot | Clinical lot
Attribute Method $92) std (2378-R) | 471008005 | 071025001 071026004
Appearance Yi‘sual . cp Cp Cp CP Ccp
ingpection
pH pH electrode | 6.5 7.3 6.0 6.0 6.0
Protein
concentration Asgg 4.7 mg/ml | 21.3 mg/mL | 64.5 614 62.0
Osmolalit Fcl;fi:ztzmg 316 313 305 310 313
J g . mOsm/kg mQOsm/kg mQsm/kg mOsvkg mOsnvkg
epression
SDS-PAGE
(Reduced Reduced: Reduced: Reduced: Reduced: Reduced:
Purit and 97% 100% 100% 100% 100%
uri
4 Nonreduc?ed, Nonreduced: | Nonreduced: | Nonreduced: | Nonreduced: | Nonreduced:
Coomassic | 9294, 95% 100% 100% 100%
blue stain)
Purity SEC-HPLC |97.5% 97.5% 98.9% 99.4% 98.1%
Purity RP-HPLC 73.0% 82.5% 86.3% 88.5% 87.5%
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6.0 6.0 6.0 %Purity (SE-HPLC) 99.2 98.5 99.2 98.6 99.2 98.7 % Purity

( SDS- PAGE)

reduced (% 100 100 100 100 100 100 % Purity (SDS-PAGE)

non- r educego(2Mok®B4+ 100 100 100 100 100 % Purity ( RP- HRxGwu$¥90/08 0239

86.2 85.9 86.0

Table 3: Physiochemical comparability of NEUG-0, NEUG-1 and NEUG-2

NEUG-0 NEUG-2 NEUG-2 NEUG-2
Toxicology NEUG-1
Analytical (ot 2579- | Currentref | Clinicallot | Clinicallot | Clinical lot
Attribute Method 092) std (2378-R) | 071008005 071025001 (71026004
chuge | EBCHPLC |52.8% 80.5% 89.5% 88.0% 89.5%
cterogencity
Purity SDS-PAGE Comparable | Comparable | Comparable | Comparable | Comparable
(silver stain)
Intact Mass
expected ESIMS 85091 Da 85087 Da ND ND ND
(cxp
85086)
— 92%
[dentity |\l torminal ‘ >95% >95% >95% >95%
(expected: ) DAHKS,
DAHKS) sequencing | 2o, M DAHKS DAHKS DAHKS DAHKS
Identity Poptide Map Comparable | Comparable | Comparable | Comparable | Comparable
' (reducing)
ELISA {(ng
g:ﬁsz’rif)i):itn yHCP/mg 198 ppm 4% ppm 39 ppm 19 ppm 20 ppm
protein)
Bioassay-
NFS60 cell
Potency proliferation | 80.9 % 100.0% 113% 80% 87%
(% relative
potency)

. Kinetic : 0.293 <0.003 <0.003 <(.003
Endotoxin turbidimetric 1.67 EU/mg EU/mg EU/mg EU/mg EU/mg
g;?;iluai Threshold <4 pg/mg <4 pg/mg ND ND ND

[0165] Process related impurities {e.g., yeast host cell proteins) and product related variants

(SEC, RP, and IEC-HPLC) have been consistently reduced as the processes for
manufacturing NEUG-0 through NEUG-2 have been developed.

[0166]

comparison of NEUG-0, NEUG-1 and NEUG-2.

Tables 4 and 5 provide a summary of the formulation history and formulation

Table 4: Formulation history

Process

Form

Recommended
storage temperature

Formulation

NEUG-0

{toxicology)

Frozen liquid

-20°C

2.94 mg/mL sodium citrate
4.38 mg/mL sodium chloride
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85.9 86.1 Potency (bioassay) 90 109 90 105 90 107 WO
2010/ 083434PCT/ US2010/ 021238 Rel ati ve potency (% Bi oburden (X
CFQ' ml) O wozno@smodal ity (nOsm kg) 306 310 306 309 306rG&S2010/021235

34.23 mg/mL sucrose
0.01% polysorbate 80
pH 6.5

NEUG-1
(initial clinical)

Lyophilized cake

2-8°C

1.41 mg/mL sodium phosphate
36.4 mg/mL mamitol

22,7 mg/ml. trehalose
dihydrate 0.1 mg/mL
poelysorbate 80

pH 7.2

NEUG-2
{current clinical)

Lyophilized cake

2-8°C

2.77 mg/mL sodium phosphate
33.79 mg/mL mannitol

22.7 mg/mL trchalose
dihydrate 0.1 mg/mL
pelysorbate 80

pH 6.0

NEUG-2
(current clinical)

Liquid

2_8{)(’:

2.77 mg/mL. sodium phosphate
33.79 mg/mL mannitol

22.7 mg/mL trchalose
dihydrate 0.1 mg/inL
polysorbate 80

pH 6.0

Table 5: ¢cGMP formulation comparison

Current Clinical
formulation
Excipient (liquid or
Formulation Initial Clinical Iyophilized formy}
Attribute (NEUG-1) (NEUG-2) Rationale for change
API 15.0 mg/mL 50 mg/mL lIncreased API cong;ntrz_ﬁmn to
reduce volume of injection
Higher ionic strength reduces
Sodium Phosphate 10 mM 20 mM concentration dependent

aggregation

Mannitol 200 mM 180 mM Redu_ccd to provide iso-osmotic
solution

60 mM :  efe ac
Trehalose dihydrate 60 mM Unchanged—acts as robust
cryo/lyo protectant.
Unchanged—inhibits
Polysorbate 80 0.01% 0.01% nonspecific aggregation and
adsorption
Lower pH reduces
pH 7.2 6.0 concentration dependent

aggregation

Example 7: Testing NEUG-1 and NEUG-2
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[02111 Stability data for two lots of NEUG 2 in liquid format 2-8C
are shown below in Tables 10.1 and 10.2. Table 10.1: Stability of

| i qui d NEUEO20(0le1438029) 1.2 m i n pol ypropyl ene tubes ptus:buiesss
Time (nonths) 0 1 3 6 9 1218 Appearance Vi sual inspection CP CF CF
CF CP CFCF pH 6.0 6.0 6.0 6.1 6.0 6.06.1 Gsnolality (Freezing point)
(mosm kg) 306 303 300 305

1. Effects of pH and phosphate concentration on monomer purity of rHSA-
G-CSF

[0167] The results displayed in FIG. 7, show monomer purity measured by SE-HPLC of
NEUG in PMTT10/7.2 and in PMTT20/6.0 (20mM Phosphate, 180 mM Mannitol, 60 mM
Trehalose Dihydrate, 0.01% (W/V) Polysorbate 80, pH 6.0) respectively. Samples contained
different protein concentrations at a range of 2.5 to 120 mg/ml, and were incubated at 25°C
for 24 hours prior to purity analysis.

[0168] Results show no significant reductions of purity were observed with rtHA-G-CSF at
concentrations of up to 120 mg/ml in PMTT20/6.0 formulation buffer as measured by SE-
HPLC, whereas in PMTT10/7.2 there was a 10% aggregation increase.

2. Effects of pH and phosphate concentration on aggregation of rHA-G-CSF
[0169] The results displayed in FIG. 8, show aggregation measured by SE-HPLC of 60
mg/ml tHA-G-CSF incubated at 4°C or 25°C /60% RH for a maximal period of 14 days in
PMTT20/6.0 or in PMTT10/7.2.
[0170] Results show no significant aggregation increase was observed after incubation at
25°C for 14 days for samples incubated in PMTT20/6.0 formulation buffer whereas samples
incubated under the same conditions in PMTT10/7.2 formulation buffer showed a 6 %

increase in aggregation.

3. HPLC comparison of NEUG-1 versus NEUG-2

[0171] SEC-HPLC analysis and RP-HPLC analysis of NEUG-1 and NEUG-2 is shown in
FIG. 14A and 14B.

4. Charge comparability, peptide mapping and purity of NEUG-1 and
NEUG-2

[0172] The charge heterogeneity of NEUG-1 (referred to as “1P” in the figure} and NEUG-
2 (referred to as “2P” in the figure) were compared by IEC-HPLC. Results are shown in FIG
15A. The identity of the two peptides (NEUG-1, “1P” and NEUG-2, “2P”) was also
compared by peptide mapping as shown in FIG. 15B.

[0173] Purity of NEUG-1 and NEUG-2 was also compared by SDS-PAGE and Coomassie

blue staining as shown in FIG. 16. The samples in each lane are shown in Table 6, below.
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308 308313 Concentration (A280) (nmg/nmL) 57.5 58.7 57.6 58.5 58.3

57.757.3 Purity (SOS-PAGE),

Reduced (A) 100 99 100 100 100 100100

Purity (SG8oRABHEE343Non-reduced (%9 100 100 100 100 100 aO(20ioRorzs y

VP

(SE-FIPLC) (% 99.2 98.7 99.1 99.0 98.6 98.798.6 Purity (RP- HPLC
Table 6: Samples loaded onto SDS-PAGE of FIG. 16
Lane # Lot Description Conditions Load (1g)
I 1373336 Size Marker 12 NA NA
5 (NEUG-1) CG10639 Reference ]
> | LDC-2378R Standard Reduced e
(NEUG-2) _
3 071025001 CGI0639 Bulk Reduced 4ug
4 NA NA NA NA
5 (NEUG-1) CG10639 Reference Non- du
LDC-2378-R Standard Reduced HE
(NEUG-2) Non-
| 071025001 CG10639 Bulk Reduced Aug
7 1373336 Size Marker 12 NA NA
& NA NA NA NA
9 NA NA NA NA
10 NA NA NA NA
5. Freeze-Thaw
[0174] The effects of Frecze-Thaw were evaluated with NEUG-2 (in PMTT20/6.0) buffer

with concentration 15, 60, 120 mg/ml. Samples were frozen and thawed from 0 to 10 times,
then analyzed via visual inspection and SEC, RP, IEC.

[0175] Results indicate that Neugranin does not appear to be sensitive to freeze-thaw
induced degradation for both old (PMTT10/7.2) and new (PMTT20/6.0) formulation buffers.

(Data not shown).

6. Short-term stability

[0176] Samples of NEUG (60 mg/ml) in old buffer (PMTT10/7.2) and new buffer
(PMTT20/6.0) were kept at 4 and 25°C /60% RH for one month, then tested by visual
inspection, SEC, RP, IEC and Bio-assay. Monomer purity was evaluated by SE-HPLC.
[0177} At 14 days, NEUG in the old buffer showed 6 % aggregates increased, while NEUG
in the new buffer showed no changes. There were no significant changes for one month by

visual, RP, IEC and Bio-assay.

7. Shaking

[0178]
formulation buffer (PMTT10/7.2) new formulation buffer (MPTT20/6.0) at three conditions

The effect of shaking-induced aggregation was evaluated with NEUG in old

44



85.9 86.2 86.3 85.4 86.4 85.785.5 RRT 0.98 (%9 11.8 11.5 11.3 11.6
11.5 11.511.3 MP + RIG0.98 (% 97.7 97.6 97.6 96.6 97.7 96.896.8
Purity (1B~vBRbO)0s§#g 85.2 87.8 88.6 86.4 80.4 84.984. 8 RUIEsI01/021235
(bi oassay) (relative potency % 90

(15, 60, 120 mg/ml), pH 6.0. Each sample was shaken horizontally at 120 rpm from 0 to 30
min at 25°C. Visual inspection and SE-HPLC were performed.

[0179] The Results of the SE-HPLC, RP-HPLC, IE-HPLC displayed no significant loss of
monomer. (Datanot shown). Furthermore, the results from visual inspection indicate no
change in appearance as a result of shaking. This suggests that Neugranin may not be

sensitive to shaking-induced aggregation for both old and new formulation buffers,

8. Oxidation

{0180] Ion-cxchange high performance liquid chromatography (“IEC”) and reversced phasc-
high performance liquid chromatography (“RPLC”) can be used to monitor oxidation of
Neugranin. The experimental conditions for the hydrogen-peroxide study are as follows.
Neugranin at 8 mg/mL were exposed to 0.03% hydrogen peroxide and TBO. Samples were
analyzed by size exclusion chromatography (“SEC™), reverse phase (“RP), and IEC after
incubation at 25°C for 0, 1, 3, 5, 8, 20, and 24 hours. For assessment of hydrogen peroxide
and TPB induced oxidation, RPLC, TEC were used. Chromatographs and data in tabular
form are shown in FIGS. 21 and 22.

[0181] HSA has been shown to oxidize in the presence of hydrogen peroxide. The sites of
oxidation identified include Cys-34, Mct-123, Met-298, Mct-446, and Met-548,

[0182] The chromatograms (FIG. 21} show the overlays for NEUG control (grey), after
exposure to hydrogen peroxide (light grey), and TPB (black) for 1 hour at RT. A significant
increase in a peak eluting 3 minutes after the main peak is shown in samples treated with
H»O; by RP and IEC; samples treated with TPB show a peak eluting 3 minutes after the
main peak by RP and the peaks slightly increased and eluted 2, 3 minutes later than main
peak by IEC.

[0183] In summary, the results suggest that RP and 1EC can detect different oxidized forms,
and both H,0; and TBP could induce NEUG oxidations at which are methionine and cystein
residues. The oxidation of NEUG does occur under stressed conditions, but there is no
indication that it represents a major degradation pathway for NEUG upon storage and there

are no significant changes on their activitics.

Example 8: Exemplary characterization of NEUG for pharmaceutical use
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107 117 115 116 106125 Free Thiol (ellman's Assay) (nol/nol) NT NT
2.0 2.01.7 1.61.6 Table 10.2: Stability of liquid NEUG2 (cA@VIP
| ot 071026004p10ksfi3m in teflon vial Attributes Tinme (nertbos)iodd123s6
9 12 18 Appearance Visual inspection P CF CPF CPF CPF CPF CPF pH

[0184] Three cGMP drug substance lots were produced using the NEUG-1 process and 5
lots were produced using the NEUG-2 process. In general, the NEUG-2 formulation yielded
protein of equal or better quality relative to NEUG-0 and NEUG-1. The test results for all
cGMP lots are provided in the tables in FIG. 17A-B. NEUG-1 lots are 060615001,
060628001, and 060707001, NEUG-2 lots are G71008005, 071025001, 071026004,
071106001, and 07116001. Testing of the lots was performed as follows.

1. Appearance by visual inspection
10185] The appearance of Neugranin™ (“NEUG”) was asscssed by visual inspection using
forward illuminating fluorescent light against a black and white background.

2, pH
[0186] The pH meter was standardized using buffer solutions at pH 4.0, 7.0, and 10.0. After
standardization, the pH of a sample of NEUG was mcasurcd and recorded.

3. Osmolality by freezing point
[0187] The osmolality was determined by freezing point depression. Standardization was
performed using a 290 mOsm/kg calibration standard prior to measurement.

4. Concentration by measuring the absorbance at 280 nm

[0188] The concentration of NEUG was determined by measuring the absorbance at 280
nm. Protein concentration was calculated using the empirically determined extinction
coefficient of 0.54 mg *mL*AU.

5. Identity by ELISA

[0189] The identity assay used a standard sandwich ELISA format using methods well
known in the art. The assay was based on the specificity of antibodies for both the G-CSF
and albumin portions of the NEUG molecule. Together this antibody pair can distinguish
NEUG from G-CSF, HSA, or other albumin-linked proteins.

6. Purity by Coomassie stained SDS-PAGE

[0199] The purity of NEUG under denaturing conditions was evaluated using SDS-PAGE
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6.0 6.1 6.06.06.0 OGsmolality (Freezing point) (n0sm kg) 313 312
334 3556 411 416 Concentration (A280) (nmg/nmL) 62.0 61.3 63.7 67.5
74.9 80. 6 woRo0%85083434PCT/ U 82010/ 021235 Purity ( SDSENE)10/021235
Reduced (/0) 100 100 100 100 100 100 Purity (SDS-PAGE), Non-reduced
(% 100 100

with Coomassie stain. Samples were diluted in sample buffer with or without reducing agent
prior to analysis. Molecular weight markers and a NEUG reference standard were also
loaded onto each gel. After electrophoresis, the gel was stained with Coomassie and the
purity determined using densitometry. This method is used primarily to detect product-

related impurities such as dimers,

7. Purity by Silver Stained SDS-PAGE

[0191] The purity of NEUG under denaturing conditions was cvaluated using overloaded
SDS-PAGE with silver staining. Samples were diluted in sample buffer with or without
reducing agent prior to analysis. Samples were loaded up to 10 pg/lane. Molecular weight
markers and a NEUG reference standard were also loaded onto each gel. After
clectrophoresis, the gel was stained with silver. Comparisons between migration distances
and band patterns are used to determine comparability between NEUG samples and reference
standard. This method was used to detect low levels of product and process-related

impurities,

8. Purity by Size Exclusion HPLC

[0192] The purity of NEUG under native conditions was evaluated using size exclusion
HPLC. Samples were analyzed using a TosoHaas G3000SWXL column (7.8 mm x 30 ¢m)
with an isocratic mobile phase consisting of phosphate and sulfate. Purity of NEUG was
determined by calculating the ratio of the area under the main peak to the total peak area at
280 nm. This assay detects product-related sizing impurities, including dimers and

aggregates,

9, Purity by Reversed Phase HPLC

[0193] Reversed phase HPLC was used to measure the purity of NEUG. Samples were
analyzed using an Agilent Zorbax reversed phase column (StableBond €8, 3004, 5um, 250 x
4.6 mm) with an elution gradient of increasing acetonitrile concentration. Purity was
determined by calculating the ratio of the main peak area to total relevant peak area ata
detection wavelength of 215 nm.

[0194] The peak preceeding the main peak in the RP-HPLC assay has a mass consistent

with a Neugranin variant containing a di-hexose modification at Thr-133 of the G-CSF

-47-



100 100 100 100 Purity (SE-HPLC) (% 98.1 97.9 98.1 98.0 97.9 97.7
Purity (RP- HPLC) MP 87.5 87.3 87.2 87.3 86.2 85.6 P-1 ( 9% 10.0
10. 3 10.2 WORomMS®310. 4 MP+ P-1 (% 97.5 97.6 PCT/US2010/021235

moiety. This modification does not affect potency and was present at consistent levels in all
development, toxicology, and ¢cGMP batches manufactured to-date. Thr-133 is 2 known site
for modification of G-CSF.

10.  Potency by bicassay {NFS-60 cell proliferation)

[0195] The NEUG potency assay is a cell based proliferation assay, based on the induction
of NSFE-60 cell proliferation. NFS-60 cells proliferate in response to both G-CSF and NEUG.
In this assay, 10,000 cell/well were plated in a 96-well microplate and were treated with
NEUG proteins for 20 hours at 37°C. After a 20-hour incubation the NFS-60 cells were
pulsed with 0.5 pCi/well of [3H]}-Thymidine for 4 hours, and the level of DNA synthesis, as
measured by [3H]-Thymidine incorporation, was determined. For statistical analysis, the
measurcment of [JH}-Thymidinc incorporation as a function of NEUG concentration was
modeled using a four-parameter logistic model and EC50 values (pg/mL) are determined.
Results for test proteins were reported as a relative potency (RP%) value, generated by
comparing EC50 value of reference standard to the EC50 of the test sample analyzed within
the same assay [RP% = (EC50 reference/ EC50 sample)*100].

11.  Residual DNA by Threshold Method

[0196] The mcethod for measuring residual DNA in samples is based on a commercially
available kit (Molecular Devices Total DNA Threshold DNA quantification kit), The sample
was initially diluted, protein digested, and the DNA extracted. The concentration of DNA
was then quantified using the Threshold kit. This kit immuno-labels, immobilizes, and
electrochemically measures the concentration of DNA relative to a calf thymus DNA
standard curve. The results were internally qualified by spike recovery of DNA standard

within acceptable limits.

12. Endotoxin by Kinetic Turbidimetric Method

[0197] Endotoxin concentrations in NEUG solutions were determined using a standard
automated kinetic turbidimetric endotoxin analysis system. The kinetic turbidimetric system
is a refinement of the gel-clot method, and measures turbidity increases that precede gel-clot
formation. Limulus amocbocyte lysate (LAL) was added to the standards and test articles and

incubated at 37°C. During incubation, the turbidity of the reaction mixture was monitored
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97.5 97.0 96.2 96.0 Purity (IE-HPLC) (% 89.5 86.8 82.2 85.4 84.9
85.0 Potency (bioassay) (relative potency %9 87 84 115 108 112 80.3
Free Thi olwOEbome¥3s Assay) NT 2.0 1.9 2.0 1.7 1.5 [ O024A)usr610/021235
descri bed above, changes to the formnulation were nade fromthe NEUG 1
process to the NEUG 2 process. These changes were nmade to ensure
product quality at a higher NEUG concentration and did not include
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t t |t th
pr ocessdsttc?]ﬁi I%dcldﬁ’% Oﬁgﬁﬁfg%g&dw&&gg&%ﬂggn aggregati on. i's us

expecte at’ t F'OR Wi Tl demonstrate i npr oved
stability relative to the already robust NEUG 1. [0213] In addition,
t here were nd3si giliéhwdeab benfendiranofilttatiopst en on NEUG 2 after three
nmonth stability studies either in lyophilized for or in liquid form
at r econfiievgie dstrosmlgenciindiidn mohsd Btsi@HHB6 (harmhtyﬁé Sautosi Phaskachiie (USP

RP- HPLC d te cy.. da t shown 9:,Description and
Conposi tT o Bheghia ;L/la eﬁrfﬁﬁ Creﬁﬂaaa%&hc [3%53 vk bl%&mﬂg&%ﬂﬁnﬂfl a
dosage fs@i’ﬂ}ﬂe[ tha@%wh{brﬁf&%'iﬁm%&ﬁ‘dﬂ tth?%lﬂ[s?rﬁ' AT MpburNESIE ok tHcstcst solution

supplied as a steri| | yophi lized d formuTation in si ngl e-use Type 1
gl ass vi@l smenhiaas ﬁét?feWb@aluethcwitdwd@n ¢outtehle guptemncditop gfesanzieveiume

flip-off : & t r tl

1. ot of*/SFar: pEEREA ARl B 8P e ofR o R AR LI £RD Mo

ng/ mL ( 50stpky iTat eatek ilﬂ@nﬁbdfel)luf‘dﬁltﬁt aumicRnfltsed i zﬂfrm‘ph@ﬁmiaabmsteﬂ,&ﬁb finthdr

mannitol, 60 MM trc ih 1% sor

5.0 A VPR RSERGETN HHROURe Rait Gunhelie hebrl i B atu e

and shoujsiC e Veetdt tikeHIE Aol bFfer 2ot Boybainl (VReis UITPQS ALAIQRCD,
which 1s also called TSA) cited in USP <61>. HPC agar is designed to recover a broad range
of aerobic, heterotrophic bacteria, as is TSA. However, HPC agar is also designed to

maximize recovery of stressed organisms.

14.  Tungsten Study
[0199] 1t is known that certain syringe brands contain tungsten as an excipient. Liquid
NEUG samples were tested in the presence of various forms of tungsten (sodium tungstate
dehydrate, sodium polytungstate, ammonium tungstate, and tungsten oxides W03 and WO2)
at various concentrations {500 ppb, 1000 ppb and 2500 ppb) at 2-8°C and 25 °C for up to
three months. Samples were analyzed by SE-HPLC, RP-HPLC and biocassay. There were no

significant effects of tungsten on NEUG samples after three month stability studies.

15,  Characterization Assays

[0200] The following analytical were also used for characterization information.

N-terminal sequence

[0201] The amino acid sequence at the N-terminus of Neugranin was identified using a PE
Applied Biosystems Procise 494 cLC protein sequencer. The method incorporates Edman
degradation chemistry and utilizes gas-phase blot cycles, an on-line PTH-amino acid HPLC

analyzer, and SequencePro data analysis software.
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WO 201011183434PCT/ U82010/ 021235 102151 The quantitative conposition
of one exenplary NEUG drug product (NEUG 2) is provided in Table 11,
bel ow. Notwotzhmiosidhe |iquid formof NEUG 2 has the sanmer@ueswmiciaiinge
conposition as the lIyophilized form The liquid formcan be provided
in a prefilled syringe (see section 9, below). Table 11 Quantitative
conosition of NEUG 2 drug product Ingredient Concentration Anount

del i ver abl e pegar¥b fetcFh &P YY BRIEPNEUGranin 50.0 ng/nL 50.0 ma -
APl Sodi um thﬁam?mmuﬂc—mmlm (17.4 mV) 2.42 ng USP,

Enéll t5 i ;11\/9 [(gﬂ%ndm@ %%@%h%_téggg&msﬁg' "f{%PQ%ﬁQJAﬁE@oPth@% inGrefbodmiy M

present in NEUG Samples were analyzcd using a Dionex Pro-Pac Wax 10-ion exchange
column (250 x 4.6 mm) with mobilc phascs consisting of Bis-Tris and NaCl. This method has
demonstrated sample-independent variability and at this point in development is used as a

qualitative rather than quantitative assay.

Peptide mapping

[0203] Peptide mapping is used to determine the structure integrity of NEUG. Peptide
mapping was performed using Lys-C for digestion and reversed-phase HPLC with gradient
clution for peptide separation. The protein sample was first reduced and denatured and then
allcylated. A buffer exchange was carried out, followed by a 1 hour, then overnight, Lys-C
digestion. The Lys-C peptide mixture resulting from the digestion was separated by reversed-
phase HPLC to give a peptide profile using an YMC Pack ODS-A C18 column (4.6 mm x
250 mm) with an Agilent 1100 HPLC system. The HPLC elution was monitored using a
diode array UV detector and Finigan LCQ DUQO- lon Trap mass spectrometer with
electrospray ionization. Mass spectrometry data were processed using Xcalibur V2.3
software. The mass accuracy of this method was less than 20 ppm. The identities of HPLC
peaks were established by LC-MS.

Electrosprav Ionization Mass Spectrometry

[0204] Mass analyses were performed using an Applied Biosystems QStar ESI-Quadrapole
Time of Flight (QTOF) Pulsar-i mass spectrometer equipped with a PicoView nano-
electrospray source. Samples were introduced into QStar by Hamiliton syringe and Harvard
syringe pump. The electrospray ion source was operated at 2500V with a curtain gas value of
25. The instrument was calibrated with myoglobin. The mass to charge ratios were recorded
by scanning the full mass range (500-3000 m/z) within the mass analyzer every second
throughout the allotted time of analysis. The resulting total ion current was analyzed using

Analyst vl1.4 software. The mass accuracy of the instrument is less than 10 ppm.

Residual S. cerevisiae (veast) Host Cell Protein

[0205] The amount of ycast host cell protein (yHCP) present in the bulk was determined
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Buf fering agent Mannitol 32.79 ng/nL (180 inM 32.79 ng USP, nulti-

conpendi al Bul ki ng agent Trchal ose di hydrate 22.70 ng/nL (60 M\
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0.1 ma . USP, nulti- conpendi al I nhi bit aggregati on and

adsorption Sterile WFl reconstitute with 1.0 nL 1.0 niL USP Di | uent

aik 0.11 m overage is filled into each vial to assure the .0 ni

del i ver alfif MOEIUBR-based JRERQBETE dntibédi@taled b@mmunization with host cell proteins

derived from a null strain of the same yeast host used to express NEUG.

Free thiol bv Ellman’s Assav

[0206] Ellman’s reagent, 5, 5’-Dithio-bis-(2-nitrobenzoic acid) (DTNB) was used to

determine the free thiol content in NEUG samples. DTNB reacts with free sulthdryl groups
to yield a mixed disulfide and 2-nitro-5-thiobenzoic acid (TNB). TNB absorbs strongly at
412nm allowing the reaction to be casily quantitated by comparison to a N-acetyl Cysteine

(NAC) standard curve. To increase the accuracy of the method, the reaction was carried out

under partially denaturing conditions. This allows the DTNB access to free sulfhdryl groups

that may not be fully exposed under native conditions.

16.  Stability

[0207)  Bulk drug substance (“BDS™) is stored and shipped at -80°C (nominal valuc,

acceptable temperature is < -65°C). BDS stability was studied by storing the product at the -
80°C and accelerated storage conditions. The reference standard (NEUG-1, Lot 2378-R) was

placed on stability first to provide leading stability for GMP BDS and an understanding of the

stability of the reference standard itself. Typically for each process (NEUG-1, NEUG-2) at

least one development and one ¢cGMP lot was placed on stability, with each study detailed in

a study-specific protocol that follows ICH guidelines. Standard accelerated conditions were

used to define assay suitability and likely degradation pathways, as well as help predict

expiration. The stability was monitored by appearance, pH, protein concentration,

osmolality, SEC-HPL.C, RP-HPLC, SDS-PAGE, and bioassay.

[0208] A summary of the representative stability results for NEUG 1 reference standard lot

2378 is summarized below in Tables 7-9 below.

Table 7: Stability data for NEUG-1 Lot 2378-R (-80°C)

N Time (months) -80°C
Aftributes 5 3 6 o | 12 1 181 241 36
Appearance (Visual CPF | CPF | CPF | CPF | CPF | CPF | CPF | CPF
inspection)
o 73 72 | 74 73 172 173 1731 72
Osmolality (mOsm/kg) | 313 | 321 | 306 | 308 | 310 | 316 | 306 | 311
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[0216] Sterile Water For Injection (VWElI) can be used for
reconstitution of NEUG in |yophilized form 4. Excipients [0217] The
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phosphate, 33.79 ng/nL mannitol, 22.7 ng/nL trehal ose di hydrate, and
0.1 ng/ L polysorbate 80, pH 6.0 (see Table 5 above). The sodium
phosphate is a buffering agent mannltol IS used as a bul k| ng agent
to provi .' ) e 3R .
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hi gher phosphate concentration (20 vs. 10 nM. Forced degradation
studi es denonstrate that this fornulation protects the drug substance
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processes| ( NEUG 1 (agnINEUG 2) was Charja i 681' Ny i ogche
WO 2010/ 08 P3iPCDIBROEY/HRAdAE0| [ 02211 The rlesult$ of the
physi cochem cal conpgyability sju arle 0ﬁcl ud€@8 {nl8%p| e 142 bel Y,

and denons$t r;q;rﬁ - PRGE) QU@ 1 Ty Of THe NEUG- 2 product IS at [east jas
good, if pot E&{um&(%@tﬁ the NEUGSL groliict|. 1PHe| f i@&ze- dBgingl0o

&mdm&&@g@&% BeGpOtG T PgGt Tabie R s
Z T\ L) uLgﬁ 6‘“ %‘5 JUL84.)7YLa Ilglill 1 -y ) 83I_g’L
FDP Lot BO 30290 hﬁb&gg—(_me : :
ﬁgffg‘gp P-1 (%) 12.5 126 | 12371 124 | 126 | 126
MP +P-1 (%) | 964 972 | 978 | 97.2 | 96.7 | 96.4
Purity (IE-HPLC) (%) 84.8 848 | 840 | 844 | 822 | 769

Potency (relative potency,
bioassay) (%) 84.3 112 101 98.8 906 | 976
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Appear ance Vi sual inspection Wiite cake White cake Reconstitution
Time Visual inspection 20 sec 29 sec Appearance- post-recon Visual

| nspect i onWQ| 268¥083434l e yel | ow sol ution C ear, pal e yel | peu/gsdurizeasspH
pH El ectrode 7.3 6.0 Gsnolality Freezing point 329 nOsm kg 293

rnOsm kg Protein concentration Absorbance at 280 nm 16.1 ng/nL 47.7
mg/ mL Purity SDS-PAGE: Reduced and non-reduced with Coonassie Blue

Stain R 100% NR' 1@9He 9: Stability data for NEUG-1 Lot 2378-R (2-8°C)

Time (months) 2-8°C

Atributes 0 3 6 9 12
Appearance (Visual CPF | CPF | CPF | CPF | CPF
inspection)
pH 73 72 7.3 73 7.2
Osmolality (mOsm/kg) 313 326 307 315 323
Concentration (A280) 219 | 224 | 232 | 218 | 227
(mg/mL}
Purity (SDS-PAGE),
Reduced (%) 99 100 | 100 | 100 | 100
Purity (SDS-PAGE),
Non-tedused (%) 98 100 | 100 | 100 | 100
Purity (SEC-HPLC) (%) 974 | 966 | 975 | 983 | 985
. MP (%) 8§39 | 840 | 846 | 837 | 826
P”}?;{(C%P’ P1 (%) 125 | 12.5 | 120 | 124 | 12.4
MP+P-1(%) | 964 | 965 | 966 | 96.0 | 949
Purity (IE-HPLC) (%) 848 | 844 | 804 | 778 | 686
Potency (rclative potency, 99.9
bioassey) (%) 84.3 98 107 | 128

[0209] No significant changes in any parameter were seen out to 36 months at the
recommended storage condition, out to 18 months at -20°C or out to 12 months at 2-8°C.,
[0210] 1 month data is shown for the NEUG-2. No significant changes under the

recommended storage conditions, at -20°C or at 2-8°C are noted. Table 10.

Table 10: Stability data for NEUG-2
Attributes Time (months) Time {months) Time (months)
-80°C -20°C 2-8°C
0 1 0 1 0 1
Appearance CP CP CP cp Ccp Cp
(visual inspection)
Concentration (A280) 57.5 583 57.5 6081 57.5 58.7
(mg/ml)
pH 6.0 6.0 6.0 6.0 6.0 6.0
% Purity 99.2 98.5 99.2 98.6 | 99.2 98.7
(SE-HPLC)
% Purity (SDS-PAGE) 100 100 100 100 100 1060
reduced (%)
% Purity (SDS-PAGE) 100 100 100 100 100 100
non-reduced (%)
% Purity (RP-HPLC) (%) 85.9 86.2 85.9 86.0 | 859 86.1
Potency (bioassay) 90 109 90 105 90 107
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R 100% NR: 100% Purity SDS- PAGE: Reduced and non- reduced with

Silver stain Conparable to Conp Reference Standard Conparable to

Ref er ence 8OahtdB#3Purity SEC- HPLC 97. 6% 98. 8% Purity REWPR2E108818%

87.6% Charge Herterogeneity | EC-HPLC 77. 1% 88. 0% Pot ency Cel |

Proliferation 134% 95. 2% Resi dual Moisture Karl Fischer 0.4%0.2%

[0222] The NEUG used for initial clinical studies (NEUG 1) is

physi cochemdaivehoeabP@rbl B to tHe curréntlTy Tarnulat ed NEU

(NEUG- 2) - BRBuBRger UmAe

f or m di I TRL,JRNE FDsHIEAC!
582

shown) .

OTE g BESCY O30

[021%] Stability data for two lots of NEUG-2 in liquid form at 2-8°C are shown below in
Tables 10.1 and 10.2.

Table 10.1: Stability of liquid NEUG-2 (Lot 3029) 1.2 m! in polypropylene tubes

Atributes ; : T;me (moélths) T o

Appearance Y1sual. Ccp CP CP Cp | CP | CP Cp

mspection

pH 6.0 6.0 6.0 6.1 | 60 |60 6.1

Osmolality (Freezing point) | 35 | 303 | 300 | 305 | 308 |308 313

(mOsm/kg)

Concentration (A280) 575 | 587 | 57.6 | 585|583 577 573

(mg/mL)

?“‘;ty (SDS-PAGE), Reduced | 140 | 99 | 100 | 100 | 100 | 100 100

%

Purity (SDS-PAGE), Non- 100 | 100 | 100 | 100 | 100 | 100 100

reduced (%)

Purity (SE-HPLC) (%) 99.2 98.7 1 99.1 |199.0 | 98.6 |98.7 98.6
MP 85.9 86.2 863 | 854 | 864 | 85.7 85.5

Purity (RP- | RRT 0.98 (%) 11.8 [11.5 113 | 116 | 115115 113

HPLO) g’f&fgﬁ 977 | 97.6 | 97.6 | 96.6 | 97.7 |98 968

Purity (1IE-HPLC) (%) 85.2 87.8 | 88.6 | 86.4 | 804|849 848

Potency (bioassay) (relative 90 107 117 | 115 | 116 | 106 125

potency %) '

Free Thiol (ellman’s Assay)

(momo) NT | NT | 20 |20 17|16 16

Table 10.2: Stability of liquid NEUG-2 (¢GMP lot 071026004) 1.0 mi in teflon vial
_ Time (months)
Attributes 0 3 6 5 D 13
Appearance Visual | cpp | cpp | CPE | CPF | CPE | CPF
inspection
pH 6.0 6.1 6.0 6.0 6.0
Osmolality (Freezing point) .
(mOsm/ke) 313 312 334 | 3556 | 411 416
Concentration (A280) 620 | 613 | 637 | 67.5 | 749 | 806
(mg/mL)
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final drug product [02241 A stability study for a |ot of the final
dnig product of NEUG 2 was initiated. At the one nonth tinme point, no

si gni i [CaRy APERSEYa&uERSET ved for_any sanpl es. (jpata not show) .

St abi | i /‘)COI’]dI tions were as|fdPM ous TO0NEUGIE0 dnvéqoo meff | ot 188 50.0
mg/ m N vE t2ms—frguirdyrma 3 ass viats;
st or age % Sﬁ ég@g&? RH ol 0A0¢/ 1590 RHIO®. | St@idi |es006f | NEU® 2
liquid syri-rges1R2251-Te—assess—-he—fepsihi--ty

rovi di ?$E%Hﬁ- &1@ pH 6_@%&; 979nniﬁgrn ;%% Urépy H cgzynn:
Por con BYaI . MBuct st hel £ 81-Powi 843siuBl-as| b mgéfzn mngl'j6[()>261
It is kf&n that|B-hé%one syli h@8s |(404. | 10-3n] Bt o 1B0cki nt&h)
cont ai n_MWeChaj drMBx & b%nt s| Puhggt 8R6amdIBEI | cBhe, | Whlch ndght

i nt er acftPusity (MELARL@rG6uct and/ 89.5t he 868f fle82.2To &l usdt he&SO

i nt er act P&y iEbyeen (tehgiveyr [ n Aci pj et nd the |pr vel al
studi es Wﬁg% ri ?g(out Vi nc gﬁ @{ ihg DI ﬁ&m 13& %‘fg
sili CO”@@@TK%Q(EI&&%@A&MQS e'?\’f'ﬁp' Kepol N Stdidl es g aS el as{.§ ne

| ong-termrstant ity studies of the prefiiteu syringes. e method
used to assess the stability of CGL0639 (NEUG 2) in a liquid state
i ncl uded®@1Yuahs dasspedtabove, c}%gﬂ_tﬁ:thda‘lamﬂﬂll@n Wwére HRUCroRi tbabERNG-1 et .

[0227] To su i resul n|f| cant chan were found in
{he- <anpieC L b R REVIGHR PIGE: f3bHERuTees DhisStalt 'p SO CRP AT GEHEREL S
dehydr at lﬁ?he‘i OHUGR Rk A8 Sh@ iR, nof HIRAL Wiy ﬁfwlg&tqﬁér@s MO3arg 0P8R erat
three different doses (500, 1000 and 2500 and kept at_ either
2-8C or FHecisen teiEC smmehsfromaliip 28 md) @%@Wﬁ@a iy thg pEE(IGM &2 to
RP- HPLC, ¢ t

conpat i bi ?P? 3913?’?36@“1 g%e}ﬁ\%g?éen ﬁ@gﬁa? gg%]g%(g)ﬁk |¥ %%ﬁg@odnt ? %&Srt%duct
quality I@dwrcme@nm danpleasiggegetiom Ik thusgepectabe dhelNEHGE o
differen s of i_cone. nd kept, a - for 4
weeke, - oprSTE ErienSERisto ey iR P2l EaReB SRR Cone
and kept[0a13 2- B Gdéicion,tthere verait digni fdat erRatof Si@w@) on NEIGRlafieofieOi |
distri bUt'OF E bot h for%l ation, buffer and drug product sol ution

wer e con‘ﬁ%"ilt staailisntiudigirsiden o/ pwhugabéor o shpY b i P somBrafsetrrage
essenti a&dnmu%ﬁ@snat @%@@%ada%lswqu@@@qqm Qndlﬁot&lc?rd&d?egngt(gﬁ&v@n)
changes on prefilied syri'nges after two nonths' age (data not
shown). Moreover, %10639@“‘2 eared to be insensitive to a&l tation and
needl| e- sﬁé‘tﬁﬂpleéatféﬁsﬁ@tl@h Epmpgﬂgmoﬂ'ﬁ@mwﬁ@i?w@ﬂam BYG2t udi es
for at least up to nine nonths dem)nstrate that liquid NEUG 2 is

stabl e in the prefidlg 5 198 is stable for at least up
to 18 nonths at 4C Sa'ngmlms/ corrp'éetatﬁ)gﬁe W|th the materials of product

cont act »

prefill eg%‘yr i I&gﬁeuse%?go%ﬁﬁ\g\tm?\]% d }1\%’%%2? #ﬂqugﬁ wg@@yt Bmﬁ ty
of |iqui ﬁtmEa@remlsmopr afel Type 1 gy—m vihgewhlzh 8:C sétltd Witk esatdd mibbémsbnpiphis)
0123 dnd a %?fabcalnq\ﬁiafb can be l,tgrséggg i 'Sg')({‘1 gpcl):n I%Enfnstcﬁnon w1th(l:P(J§nL o%: Sterile

Water for Injection (WFI), each vial contains 50 mg/mL (50mg/vial deliverable) NEUG in
20mM sodium phosphate, 180 mM mannitol, 60 mM trchalose dihydrate, 0.01% (w/v)

polysorbate 80, pH 6.0. After reconstitution the vial can be held at room temperature and

should be used within 8 hours.
2. Quantitative composition
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Wei ght Check (g) 1.0234 1.0233 1.0262 1.0243 1.028 1.027 pH 6.0 6.0
6.0 6.1 6.0 6.0 Csnolality (Freezing point) (nOsm kg) 309 312 311 308
309 311 Cowmoenoraidon (A280) (nmg/ L) 50.5 50.5 50. 4 50.KTH0E2810801285
Purity (SDS-PAGE), Reduced (% 100 99

[0215]
provided in Table 11, below. Note that the liquid form of NEUG-2 has the same quantitative

The quantitative composition of one exemplary NEUG drug product (NEUG-2) is

composition as the lyophilized form. The liquid form can be provided in a prefilled syringe

(see section 9, below).

Table 11: Quantitative composition of NEUG-2 drug product
Amount
deliverable
Ingredient Concentration per vial® Grade Purpose
Neugranin 50.0 mg/mL 50.0 mg API
Sodium
Phosphate 242mg/mL 9 47 ma USP, multi- Buffering
monobasic (17.4 mM) ’ = compendial agent
f’,ﬁgl‘f}?&te dibasic 0.35mg/mL 035 m USP, multi- | Buffering
03 (2.5 m) =22 Mg compendial agent
. USP, multi-
Mannitol 32.79 mg/mL S - _
(180 mM) 3279 mg compendial | Bulking agent
?;Ch?iose 22.70 mg/mL 2270 mg High Purity C toctant
thydrate (60 mM) ryoprotectan
Polysorbate 80 0.1mg/mL 0.1 mg USP, multi- Inh1b1§
(0.01%) compendial aggregation
’ and adsorption
Sterile WFI reconstifute .
with 1.0 mL 1.0mL Usp Diluent

“A 0.11 ml overage is filled into each vial to assure the 1.0 ml deliverable volume.
3. Reconstitution buffer

[0216]
lyophilized form.

Sterile Water For Injection (WFE!) can be used for reconstitution of NEUG in

4, Excipients

[0217)
phosphate, 33.79 mg/mL mannitol, 22.7 mg/mL trehalose dihydrate, and 0.1 mg/mL

The composition of the exemplary NEUG formulation is 2.77 mg/mL sodium

polysorbate 80, pH 6.0 (see Table S above). The sodium phosphate is a buffering agent,
mannitol is used as a bulking agent to provide good cake structure and to adjust tonicity,
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100 100 100 100 Purity (SDS-PAGE), Non-reduced (% 100 100 100 100
100 100 Purity (SE-HPLC) (% 98.7 98.6 98.7 99.1 98.5 98.6 Purity
(RP- HPLO)WRRTO/8B3(DVF) (% 11.1 11'3 11.0 10.5 11.3 IACHUSHLIEI23% %)
96.4 97.9 97.0 97.2

trehalose is used as a cryoprotectant, and polysorbate 80 is used to reduce the potential for
aggregation and adsorption. At the concentration of active pharmaceutical ingredient (“API”™)
in NEUG-2 of 50 mg/mL., the protein itsclf acts as a robust buffer. Compendial excipients
used for the formulation comply with muitiple-compendia (MC). The exception is trehalose
dihydrate for which no compendia is currently available; however, it complies with a rigorous
non-compendial set of specifications. Trehalose is GRAS listed at the US FDA and is used in
the formulation of numerous commercial parenteral pharmaceuticals (for example,

bevacizumab (Avastin) and trastuzumab (Herceptin)).

5. Formulation development

[0218] The initial formulation used for toxicology studies was designed to support storage
as a frozen liquid at —20°C (NEUG-0). To improve the robustness of the formulation for
shipping and storage at clinical sites, as well as to provide a stable product with an expected
long shelf life, a lyophilized form has been used for all clinical material to date. The initial
clinical material (NEUG-1) has proven quite stable, with a current shelf-life of 2 years, which
will likely be further extended. Subsequent formulation development demonstrated that
higher ionic strength and lower pH further stabilized the AP at higher concentration (> 25
mg/mL). To this end, one formulation (NEUG-2) has a lower pH (6.0 vs 7.2) and higher
phosphate concentration (20 vs. 10 mM). Forced degradation studies demonstrate that this
formulation protects the drug substance in the liquid state from vigorous shaking, repeated
frecze-thawing, and concentration induced aggregation. The identical freeze dry cycle as
described for NEUG-1 was used for the NEUG-2 formulation; both produced well-formed

cakes.

6. Manufacturing process development

[021%] In some embodiments, NEUG final drug product is generated by diluting bulk drug
substance with formulation buffer to the desired concentration (50 mg/mL)}, filling, and then
freeze drying the product.

[0220] To support comparability between the toxicology and clinical material, a lot of final
drug product (“FDP”") from both processes (NEUG-1 and NEUG-2) was characterized
physicochemically.

-57-



96.0 97.1 Purity (IE-HPLC) (% 84.7 87.3 83.2 86.8 87.7 87.2 Potency
(bi oassay) (relative potency % 109 109 89.7 107 85.8 90.6 CPF =

cl ear, palwoysidensiessentially free fromforeign partipti/aseiomiBer
[ 02301 Based on these studies, there are no significant interactions
bet ween tungsten or silicone and the NEUG product with PMIT
formul ati on (20 mM Phosphate, 180 nM Mannitol, 60 inM Trchal osc

Di hydrati@21]. Offé6yMs oPﬁﬂe?g%&ﬁh@mﬁg coﬂiﬁdﬁbgﬁy bt@l)} Ak GRhudey & ’Fﬂilb @2‘ of

NEUG i n human patients [ 11 The foll owi ng exanples are provid in
two mai nbedertdng dementtiate thyt theptigbly aftheaNBUGEhproduqtis at lgagicds gphcés%not

exampi ot SrE BARENFORA! ploaRy mhe e Biar T HE PR ek RS B

tested i pro®Rivasepdct. and NEUG 2 was tested in Phase |II. TABLE 14:
Summary of human clinical NEUG studies Trial (Part)/ Tunmor Type
bj ective Chenp. No. of Subjects Treatnent Arnms WO

2010/ OSMWWAq
Table 12: Comparison of NEUG-1 and NEUG-2
FDP Lot
} . PP FDP Lot
tiributs - 28 percs
Attribute Analvtical Method B060928DP 3029DP (NEUG-2)
(NEUG-1)
Appearance Visual inspection White cake White cake
?gconstltutmn Visual inspection 20 sec 29 sec
ime
Apﬂpcarance— Visual inspection Clcalj, pale yellow Ciear., pale yellow
post-recon solution sofution
pH pH Electrode 7.3 6.0
Osmolality Freezing point 329 mOsm/kg 293 mOsnvkg
Protein Absorbance at
concentration 280 nm 16.1 mg/ml. 47.7 mg/mlL.
SDS-PAGE:
Purity iiiilézzdvﬁiﬁ o R: 100% R: 100%
C . NR: 100% NR: 100%
oomassie
Blue Stain
SDS-PAGE: Comparable to
Purit Reduced and non- Refef')ence Comparable to
s reduced with _ i Reference Standard
. . Standard
Silver stain
Purity SEC-HPLC 97.6% 98.8%
Purity RP-HPLC 86.5% 87.6%
Charge o o
Herterogeneity IEC-HPLC 77.1% 88.0%
Potency Cell Proliferation 134% 95.2%
Residual ol el o
Moisture Karl Fischer 0.4% 0.2%
[0222] The NEUG used for initial clinical studies (NEUG-1) is physicochemically

comparable to the currently formulated NEUG (NEUG-2). The changes made to the
manufacturing process and dosage form did not have an impact on clinical efficacy or safety

(data not shown).
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Initial dose- finding in absence of chenot herapy none 13 50, 150,
300, 450 ug/kg NEUG (B)/breast Initial dose- finding in presence of
chenot her ayyp D¥634abi ci n Docet axel 2 Cycles 51 300 or 480r/ugphiogNERG
vs. 6 ng pegfilgrastimPhase Il (A)/breast Dose-finding for fixed
doses of Neugrani n Doxorubicin Docctaxel 4 Cycles 78 30, 40, 50 ng
NEUG vs. 6 ng pegfilgrastim (B)/breast Denonstration of
non-inferiority ofghllSnatsipeafil grasti m Doxorubiein Docctaxel 4
Cycles 256 40 and 50 ng NEUG vs. 6 ng pcgfilgrastim [0232] Each

Phase i sjoghyi de. Iz@tsgmmmgcés@ltcm@%f d&ﬂy%&ﬁ%&\!@éﬂ a ge}rd@a&at%t

characterlstlcs 3) study agent, 4) udy characteristics, and )
resul ts dsvcpamess g cafr'ﬁ‘hEIH}ZEimh@Iue pl@ncPHﬁ\SE thbld,."NDS' recans e test was “not

donc” for development fots.

8. Stability of final drug product

[0224] A stability study for a lot of the final drug product of NEUG-2 was initiated. At the
one month time point, no significant changes were observed for any samples. (Data not
shown). Stability conditions were as follows: NEUG-2 development lot at 50.0 mg/ml
NEUG in PMTT10/6.0; 1.2 mls liquid in a 3 ml glass vial; storage at 2-8°C, 25°C/60% RH, or
40°C/75% RH

9, Studies of NEUG-2 liquid in prefilled syringes
[0225] To assess the feasibility of providing NEUG-2 (PMTT, pH 6.0) as a liquid in a
prefilled syringe for commercial products, the following studics were performed.
[0226] 1t is known that the some syringes (e.g., from Becton Dickinson) contain two major
excipients, fungsten and silicone, which might interact with the product and/or the buffer. To
evaluate the interactions between the syringe excipients and the product, several studies were
carried out including a silicone oil migration study, silicone-spiked-in and tungsten-spiked-in
studies, as well as the long-term stability studies of the prefilled syringes. The methods used
to assess the stability of CG10639 (NEUG-2) in a liquid state included visual inspection, SE-
HPLC, RP-HPLC, IE-HPLC, Bioassay, etc.
[0227] To summarize the results, no significant changes were found in the samples spiked
with five forms of tungsten (sodium tungsten dehydrate, sodium polytungstate, ammonium
tungstate, WO3 and WO?2) at three different doses (500, 1000 and 2500 ppb) and kept at
either 2-8°C or 25°C over three months, Samples were analyzed via SE-HPLC, RP-HPLC,
and bioassay (data not shown).
[0228] In the silicone compatibility study, there were no effects of silicone on the product
quality observed when samples were in syringes coated with two different doses of silicone
(0.4 mg or 0.8 mg) and kept at 2-8°C for 4 weeks, or samples were spiked in with two
different doses of silicone and kept at 2-8 °C for three months (data not shown). The silicone

oil distribution in both formulation buffer and drug product solution were compatible and
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[ 0233] The Phase I1A/B, 11 A/B study was perforned to eval uate the
safety, tolerability, inmunogenicity, pharmacokinetics and

phar macodyWe Wg8sB4 subcut aneousl y adm ni st ered Neugr antGT/¥seo{(HRIBSES" )
(reconbi nant human al bum n- human granul ocyte col ony stinulating
factor) in subjects receiving nyel osuppressive chenot herapy

(doxorubi ci n/docetaxel ). [0234] For Phase |, the primary study

obj ect i viemaiteil esstRtiafiyeeas(dhfiosdioohy. Pidé e ofgliEdG B ¢Rihges on prefilled
subcut aneously over a range of potential therapeutic doses conpared

to pegf i VRERALH By MeHby sloreefda potahounk YMorgenear¢6 {0638 aapaatadde pon
of treat;nent. . : S8 Q. y . elating themwth the
RSO RRRoSaLen U AR AR0S 00

ti me and dose Secondary study
obj ect i vi#229er Brctlonmisse skbilinestphiay frasiokishep tocsnamdnthstiemageak diat Yiqaf

NEUG a 0 e the e ct .of N dm. nistration o e

nor HencOEUR:E BERBL T hiE RSl i ot B eBbwe TouteliSents ot
pati ent s4°Ceagd ¥ cgpalidkon b ine niteResfdluct dRA3B] DD AT ehd loMB&rm stability
performed. as.two Barts, Part A and Part B as noted in Table 2 above.

2. Pati edtlauHEEbet ndreldied syginges 150088 AT ety A8Smiorn/ 021235 102371

For Phase 1, patients were screened based on the foll ow ng

charactleristics diblesk3sSeahiliy:-of ligpRgYEURC? insprefilled syringes 2806 wi t h

hi stol o Aﬁ%dtgs-confi rmed breast canger schedul edime(mecbsie
doxor ubj cin"and docetaxel. 2. 18 yeprsoof]| age or o degr. 33. |Adéquat

hemat ol pgi ¢ f uncti on| VéisualAbkpcetickbO00f arB 5| CPF atjeCEt s x:pl;OO Q887 NinBpi6.

Adequat g WEFEFT and [ TRsmal Chedclg) ON} 1.62345CT 07Racr eaddz 124S |2.88X 1.027

upper |';5FI[ normal 8. Tot al_brfrrub oW THE norgEh Tidts (WNE) L/
| ocal | BOTh AR Yo baTHh [HBURAR TPs0y (SHIT ST 36g> 1 FPers ]

limt n

L e TR ki on AP (IO P oS 5 2050 3 WPRET A ot Jofe

D €

based opt ULty SWSPAGE) Reduged @o) o1 | oh 100 2499 0 () A08Fy 001 4 104, 10

i i t s, ity (RIS PAGE) Mon-radycqdd%a)nd QG Al r K09, rlobfnt J 100 1 1nt00
study, pPBYdSEWRBLOE0)i nf or ned cons®hT (| $%b udj $g7 carfdeht 1985 1is3S.6

with theys pr ot oc@h) procedures. Excl jusion: re"th

and di slc of resBRAGHE(BMItled heal t h| 1In3 or|npt 4 on d I
g gé@ F@sg "Bl O 1And 16T M1
Mot he

prior ch%‘ rapy regoaefi ncl udi hge.4dj Lyamt t9es apywid dissen | 97.1

wi t hin fheitl @stHRECTEAE hs) ; any chejed hier oy | eyt Negeapy |W7ihi g72

weeks PFPREndy biokuay) (RIIvY polelill-3t | Y anf IHACY[C3g e [0ase [Nty Wosy &

recl ud LUt d.z | f | ly—2—Pri
precl udecs il 95 A s i TR IR, Y. 2 PTTor
study c h@ﬁ% &g ARY on ?Presecﬁﬁcgésaﬁxepil 2L 86 %(i e ?ntgrract%éﬁ%&t%n EflBken &1
the I nve t|dator s opl nion, preclude Fe Use O “an
ant hr acyghdone aixhthe NEL@ potdnereigyP ¥METi formilatébn (PO hod PRospiete.yl 830 mM

radi atian therapy within 2 weeks o chenot her

2010/ osg‘g%ﬁ‘ﬁ%’r’/aﬁé‘%k’éf bﬁé%mﬁ@afﬁrq-%ﬁ%m‘%]‘ﬁ}éﬁlf’&i)ait‘%’?‘%ﬁaﬁ%gn to the
pelvis or .to greater than 20% of the parrow bearing areas, or bone
Marr ow iéb’b‘ic%leﬁr‘féh’f‘.tw%."fﬁpp& iIniypayBENtt e ot her apy wit h

hemat opoi etic stemcell transplant. 7. Prior use of nyeloid (G CSF or
GVt CSF) meoant hrHesli®niag Wkiples fe pREKRIM tvid MEN s6ARADERNRIcAPYhase I and

“Phase I1.” Each phase includes two parts, Part A and Part B. The Phase I and Phase 11
examples are summarized in Table 14 below. Note that NEUG-1 was tested in Phase I, and
NEUG-2 was tested in Phase I1.

TABLE 14: Summary of human clinical NEUG studies

Trial (Part)/Tumor | Objective Chemo. No. of Treatment
Type Subjects | Arms
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8. Prior use of erythropoietin within 4 weeks of study chenotherapy.
9. History of nyeloid malignancy or nyel odyspl asia. 10. Known brain
met ast asesWOiP®W48343dequat el y treated (surgery or radi otIHSVE§39)0/021285
evi dence of progression with a mninmum of 3 weeks observation and
neurol ogi cally stable off anticonvul sants and steroids. 11. Known
sickle cell disease. 12. Diagnosis of adult respiratory distress
syndr onmePHaARDS) (A )AbBeasiCUT I'|ERfiial ds€CT T ON [MERIT ' Ng [ 1§ r aveneyis 50,3001 al
antibiotics. 14. Known hi sﬁrgqﬁglgfab@hgeergi es to yeast-der| yqg,g/ko
productis. 15. Known hyperqﬁgﬁ&ﬁ&ﬂggy E coli-derived pligid's,
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dose re

eqtunest m3.
REUT whibend

9@1’@@'&:{@1@9
eligibility criteria) 5 Wdhoianwal of laqangeRt 6.| Non-cofpliance/ Loss
to fol | BWUp -63- WO 2010/ 083434PCT/US20107/ 021235 7. Pregnancy [ 02411
If treatnment with NEUG was stopped, subjects remained on study and
wer e fol03¥dd Each lPéa@tis gigidgdingo fivt $€@Wm$g 1 digectiveraR) pidiset abfiragtasistist.uidy

drug for sshe dy agent [0242]

NEUG (re%loﬂﬁga%n%%h?) C%EH%F m%’%cﬁ’ aﬁl es'é{FS oﬁiﬁgﬁ%a§§§;l ony stimulating

factor, HSA- a fusion protein with a nol ecul ar nass of

appr oxi %ﬁ@kéésgggggi%ected in a single chain conprising residues

1- 585 correspondi o the mature form of HSA and residues 586-759
‘to t ure formof human G CSF. The therapeutlc

correspondin
noi et f co human -derive 02

was sﬁpﬁﬂ’?gﬁm@r} %@Beﬂﬁ%% VRS REGOFBrhigIcxE @fﬁqs%agq[% % s/ ' Type
1 glass Minﬁln%g@ﬁ@h;ﬁb@ir&%(ﬁ&ne&t@&d ﬂHﬁﬁ%ab@ﬁﬁHﬁés‘&f‘dﬁBc@ﬂn&& a@lnﬁmmeregf

sterile water for ection, each 'vial contained 5ng/ vi al

del i veraIBfPlé;}&mEUG“Nﬁ £0) traostenanhupshissiibiaria:h uz@grgm mfptcgllonystmlaww
The

trehal o ~0.:019

conp05|??éﬂsg¥gﬁﬁ&ﬁﬂﬁgﬁﬁég%é%&gg &%M%g%%ﬁhﬁm%ﬁ%d9@#&n&nk$g§§%%ed in
Tabl e 1.[02B84For Cbasedr the @hmyjyesma]ylcé)jﬂcavd‘detdramcaém t}(epe@fy profilest NEUG
was suppl.i e ubcutaneous i nj,ection.
Fach syriitgebOHeisoRLY Vg ity PR B e e gt Pl g

in a stefyheasuhEeRe freq&ln@y |s@aity, Ahe S8t bﬁ/tﬁ:ahﬁ&@-cﬁﬁlgéhﬂ MO Ats@Ghd
containing acetate (0O ng), sorbitol (30.0 ng), polysorbate 20

(0. 02 npPirekayiag mﬁi‘(‘@lﬂlé@ f%ﬂﬂiﬁiﬁb@@a@f&iﬁlﬂ rddmﬁ}lté@iﬂp@n USP 02461 NEUG
(50, 15 0 $ ng) was
adninisﬂg%%ﬁ g§£gﬁﬁbuta %%§§%?§%§§%%%§%ﬁﬂﬁ%hﬁ%9& L% characterlstlcs
a. St udy isuhedgtrecigne N.E.Iﬁ@t angrio pmga?&thfw"}’sctsﬂw&vaémmlmnm en the man,

mul ti-cent. non ntro ential dose escal ation of
Tt of | ovBtidnyec ey AR Puttoh STabhetrah e BrafiERiRin PLaTh FREBM R o) ect o
W th breasbroangescetgbedul ed to receive doxonth|0|n/docetaxel The
study consisted of 2 parts. Part A was sequenti al dose escal ation
in 13 sulffddt Shaw ]d‘éi%sepcéf@ﬁﬁ?q a4 tpgpar fs_wert Aqpl PagyB assepieinkgplog 4bava
subjects in each of the 50, 150 and 450 jag/kg cohorts and 4 subjects
in the 300 j i/ kg Radienteharacteristica| uate safety prior to the

random zed, Part B of the trial.
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WO 20101083434PCT/ US2010/ 021235 [02481 In Part A, subjects received
the first dose of NEUG at | east 2 weeks prior to the start of
chenot her 29 20583484 0) for an initial assessnent of saffstyURAMP021235
ef fects on absol ute neutrophil count ("ANC') in the absence of
cytotoxi c chenotherapy. After a m ninum of 2 weeks foll ow up,

subj ects received NEUG at the sane dose foll ow ng chenotherapy in
cycles 1028 ZorPhidear RutieE XeRQcrAopat bkl éi MO fARBWSSEhaB N RHAbECcS or
considered related to NEUG in cycle 0 and the subject continued to
meet al IPAEADRYPBI ity criteria. [02491 In Part A, dose limting
toxicity é%LT) was defined as grade 2 or greater clinically

si gni f i d4A3¥8ladvepsienevent (s) consi dered possibly, probably or
definitely related to the study agent with the exception of grade 2
bone pain. WI hi n Petiots Peh thistologihgdht-confirneed bricast adncet sgbigduthdiig receive
adm ni stration tod%%%%b%&ﬂ%ﬁ%ﬁc Q&Fring the trial was separated by a
m ni mum of 24 hours 10 ronito Or"acute adverse events. [0250] The
deci sion to €scal aggei®of e diexder.dose | evel was based upon the review
of the safety data for at |least. 7 days after the first dose

adni ni stratioh of MeUSs BuPlPLE Bj<¥BEs in a given cohort. If none of
the 3 subjectgs expaytencegnq,OLT, dose escal ation continued with the
enrol I ment of 3 subjects at the next dose level. If 1 of 3 subjects
in a given cchort Patletsrt198.080indence of a DLT, another 3 subjects
were recruit at : r a total of 6 subjects per
cohort. Dose%gscaﬁé ﬁ%ﬁgg%%P+%%§%n%gmg%8%T if only 1 of 6 subjects
experienced &.DLT.Schim Zresinific 010jxqipsr Kieitabmmulia DLT, dose escal ation
stopped and no further. NEUG treatments were adm ni stered. [0251] The
r emai ni ng suBTectQaﬁghﬁF%13&”@H@FFm§UH%@Uﬁ§HE§g}SF?Ua dPHacoki neti c
and phar macody namsengy ahisehiRes (SGOARAGPHA | SW BgedRRPASHTAL | on_ of
safety in the initial Part A cohorts, Part B was perforned. In Part

B, subjects wdre ridistlowirheshptasces paraippet limispingh to 1 of 3 treatnent
groups: NEUG 300 = 50 gig/kg (n = 21), or
pegfilgrasti#ﬁ(n Bﬁ%%?péﬁm?ﬁégg%%gg%g%ﬂdose of 6 ng adm ni stered

appr oxi mat el y1224 Iidigitde af tetivesdardyubehebmther afeft veh 0262} cjidaivindmctién and
16 bel ow summari z dispositiqn .of the subjects in Phase I, Parts
A and B. FIG 26 2&%%§>v Eﬁéﬁgﬁﬁﬁﬁ@Fbpy cycles for Phase | study,
Parts A and B3, TaktenclddilithSRsistdnd kgt a6to? tidbuRas0vide Raftten A
Dose N (NEUG / pegtilgrastim MD,2010/08%434PCIIUS2010 021235 Tabl e
15: Disposition ofinfogngdeansert finpHdigs corpgitfornspead diselpmg s rescarch-related

150 gorkg 3 1 0 NEDR 00 TaRe 50y b e el e ety

[0239] Exclusion:
I. More than | prior chemotherapy regimen (including adjuvant therapy if given

within the last 12 months); any chemotherapy/immunotherapy within 4 weeks
prior to study entry, cumulative anthracycline dose that would preclude 2 full-

dose cycles of doxorubicin in this study.

2. Prior use of any nitrosourcas (BCNU, CCNU) or mitomyein-C within 6 weeks
of study chemotherapy.
3. Cardiac history, signs or symptoms that, in the Investigator’s opinion,

preclude the use of an anthracycline-based chemotherapy regimen.

4, Prior surgery or radiation therapy within 2 weeks of study chemotherapy.
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Part B Dose N (NEUG / pegfilgrastim Parallel Random zati on NEUG 300
jta/kg 20 / 5 NEUG 450 Rg/kg 21/ 5 Tabl e 16: Disposition of

Subj ects i WOPHHEB348+ Treat ment Part A (N) Part B (N) TotRBET/NRGIWSL236r)
(pegfilgyastin O 10 10 NEUG 50 3 0 3 NEUG 150 3 0 3 NEUG 300 4 20 23

3. Prior wide field rrradiation to the pelvis or to greater than 20% of the marrow-
bearing areas, or bone marrow involvement.

6. Prior high-dose chemotherapy with hematopoietic stem cell transplant,

7. Prior use of myeloid (G-CSF or GM-CSF) growth factors within 4 weeks of

study chemotherapy.
8. Prior use of erythropoietin within 4 weeks of study chemotherapy.
9. History of myeloid malignancy or myelodysplasia.

10.  Known brain metastases unless adequately treated (surgery or radiotherapy),
no evidence of progression with a minimum of 3 weeks observation and
neurologically stable off anticonvulsants and steroids.

11.  Known sickle cell disease.

12.  Diagnosis of adult respiratory distress syndrome (ARDS).

13, Current infection requiring intravenous or oral antibiotics.

14.  Known history of allergies to yeast-derived products.

15.  Known hypersensitivity to E coli-derived proteins, pegfilgrastim, filgrastim,
or any other component of pegfilgrastim (phase 2 only).

16.  Pregnant female or nursing mother (over the course of the study, all females
must practice a method of contraception with greater than 90% reliability, or
be sterile or postmenopausal).

17.  Known HIV positive or active hepatitis (patients with unknown status will not
be tested).

18.  Males who do not agree to use effective contraception throughout the study

and for a period of 30 days after the last dose of study agent.
[0240] Subjects were removed from further treatment for the following reasons:

Disease progression
Unacceptable toxicities despite optimal treatment

Intercurrent illness at the investigator’s discretion

e

Doxorubicin regimen ~ Maximurn lifetime permissible cumulative dose

reached (see eligibility criteria)

&

Withdrawal of consent

6. Non-compliance/Loss to follow-up
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NEUG 450 3 21 24 Total 13 51 64 b.Concom tant therapy during Phase
1, Parts A and B Chenot herapy [0254] The chenot herapy regi nen for
this trial woadsi/asgsd of doxorubicin 50 ng/ n2 and docet aret/usH1amiazR
adm ni stered sequentially by intravenous infusion on day 1 of
treatment for up to two 21-day cycles. [0255] Prior to receiving each
cycle of therapy, subjects had to have an absol ute neutrophil count
(ANC) > 1.5 x7.109/p;e@fcypl atelets > 100 x 109/1!. Treatnent could be
del ayed up to two weeks for hematol ogic recovery. [0256] The

conbi nat joai |of 1re@RT A, Gk &E@@w@ﬁ@ﬁpea%bﬁa@reﬁmdr&w efldbRchave

si gni fi cant cI inical activity in patients wth breast cancer.

However , follhwed ainfbish3@ days fwlhmhn@tinbﬁnnig/@ls@efmmbwmdm fini- scthediilegthaafety andes
of gradePlg chqrﬂcmeutropenla t han ot her standard regi nmens. [0257] Even
with the a d| i'on of CSFs, the conbination of doxorubiein and

doeet axel has,ind e 4 neutropenia in 79% of patients and
febrile neut r%pentﬁ—&aﬂeﬁof 9-18% Thi s doxor ubi ci n/ docet axel

regi men d i di es of ne ents to vent. neut raopeni a
WO 2010/ 34 e
(TR B A S R A R R N
conbi nat irmn of-CIp)X aramiiceh Proddifl with GehdX @l ar| 'nﬁlb@é\f PRI E13188KDa connected
chenot her apy regl men to study the potential of a new agéent |ike NEUG

Doxor ubi @igrfnghheiraeaninsiging roaduss 11565 serrespoxbindigited matyyaions lef BiSAdadi s

th t
R VY S R N R e e
as pr ot emnniegyoi MGG ss reDorbinatiihoman DN/adtnved G-GSBI | phases of the ceI I

cycle bu cytotoxic i tlon of he

oY o e USSR S iR, P BTt e ohiindbbet by
Dat a [ 028691 dﬁ@ Sofbd4g2189C. NBp dLiceshsGRINBE kvethal 1 Ml bfstekQe wafr ﬁgmjé@i@n Qdach
200 ny vials. Lyophilized preparations nay be reconstituted with

sterile Viateontanse [Prphel(lne/vabdelresdle it i00RM sodivon guzselate. AB0mik
inj ecti Y ssi on,

primari F’@amﬁﬁ’ ; 33852{[ grgﬁa\?\?st? agha}:ﬁ? a%%ﬁcdrdlo/ (&N%E‘Qiuoﬁw%aﬁéeﬁ 5%81%4 days and
car di ot opt2d4]t yThd crmzipusihmgoﬁthc ANERIG émngtpe)qneruscdirmhastsl is pyosadgedint Table 1.

he. dosclimh (PRGTE e L O e B Ry R b B R oo

moder at esyhiap&seal Mbobithdddgs ﬁﬂj@n&mpEa‘thQnﬁg@)@oﬁtatdb%&ng Fedfl @ aRattasd on
reacti ons producj Ioca, skin and tissue danage at the site of

i nadver t FREIEYES d%ét‘ feBif; clsttp il %P@rcaqwevepfrww.(@ﬂ 44D cepainig n
(parti cuj@pty(ot I

(par | culantygksenaeidbRdvlo Ao ayseegalilo BrRanIBgln Bloshben Aer
[ 02611 Decatientien. ¥8P.a seni synt het| c taxoid that binds to free tubul in

i out o g, SNEEFg, 86, TSk eOt BT oel MR ey

Docet axeddnisisexdddrysub@itahcpiisoidaiinisipaiond, ext ensively netabolized in

the liver, with fecal excretion of approximtely 75% of the dose

W thin 7 days4, Pha@ti@eeiirheatistidt a WO 2010/ 083434PCT/ US2010/ 021235
[ 02621 Docet axel (Taxot ereTm Sanofi Aventis) is provided in 80ng/2
nth or 20 ng/ 0.5 M, si Bgkd *ASAIY hAd duddtidd an acconpanying dil uent

(13% ethanol in Water for _Injection) vial. Each m of Taxotere

cont ai ns[03&7Ingys stude e Brst- {nali*imbdmé%?maln arerolgbe! mgn-pentydise Betuentdd.
Side Effgat §sc§ﬁ%ﬁr 854 follib¥ed by a controlled, randomized trial conducted in 62 subjects with

breast cancer scheduled to receive doxorubicin/docetaxel. The study consisted of 2 parts.

Part A was a sequential dose escalation in 13 subjects, 4 dose cohorts (50, 150, 300, or 450
ug/ke) with 3 subjects in each of the 50, 150 and 450 pg/kg cohorts and 4 subjects in the 300
ug/kg cohort , to evaluate safety prior to the randomized, Part B of the trial.
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102631 Docet axel should not be given to patients who have a history
of severe hypersensitivity reactions to docetaxel or other drugs

f or mul at edwwi nfn/gssisysor bat e 80 such as ctoposi dc and vi g@nuspekoezi123s

[ 0264] Patients who experience severe hypersensitivity reactions
shoul d not be rechall enged. Patients receiving docetaxel should be
prenedi cated with corticosteroids as outlined below. [0265] MId to
noder at e er 1ni FRad I ANee: % .
38% i ncreoglsmé,I |lr111 systéﬂlﬁg&é&%g’g%gﬁﬁtq% Doce%%gil%%% g:}’pr?oz {%ﬂl@qwﬁ
gi ven t oofpheinethegpwi aykleSEEN aanuifislrasgGmpiens of safety amrbdfantsrcrmdbsdlum ts and

oceur rod RHOTAbELREGANG ot Bhabaor (L Byores'Cpibily GrChRbbTD of7

Phase | Twedksdolesv-0g3pbjtets et NEUS Qitltk AR fz)abwm@ chSaY@ERpy in
neurosenso[y syggt ms (paresthesja, dyesthesia, pain) have been

obser vedSye{ 2By 2EiherRrEde 8¢ dosedimpiing ddverie cvens sapsidesd prrted HINRUG in
primari Iaycteeo%faﬂﬁ@miec%&rﬁnaem%éet af el%‘ﬂﬂﬁ?ﬁq@f&e' y 9 days with

recovery “by d | opecia, nail and t aneous changes,
stomat it i0Q49lnyJaJ Ryirtal aloshiimitigg aoxicipu($ed)) vonidefined as grade Rppgteetesloricaigv e

b h
b N T S -
( doxor ubagehnwitiothe@wedhtiby oﬂ@@@d BB@ie)paMﬁSN aﬁimeﬁkﬂﬁﬁﬁf ). dohdr@ 268hitial study

Doxor Ublgl n was.adm ni stered.at a dose of 50 | V bol us
t hrough & admpstiation ireaghsybipchenieryia the V&b‘é’maweﬁéyeﬁn@wmaf 24

venous cggutgbettoerﬁorﬁtgl ﬁ)\fgblqegaqeggg\éqgtﬁgl on injury. [0269i Docetaxel 75
ng/ m2 was diluted in 250 nL 0.9% saline or 5% dextrose solution and

admi ni st B28d | Thadegisivode Esealstedp thepproddseiavel \yaslbah@unaou ittee taview of the

ol yeth zal si
P acersy gith B4 WAy ES e A e B R s D M iy me
[ 0270] Pguvm ccthmtr éteine bfithc8aabjccty exerioficet] h@l&ﬂpyﬁlosmmiﬁﬁﬁl&ohﬁﬂlcﬁ evithave
an absol utro count  (ANC), > 1500 and platelets >
100, 000/ i Flé‘a&#grwblesta Pahéa%épw@w? M%se@ : 5@&%&%@ cohort
hemat ol ogilhilc8GOMEE% of A TRAYLAARE ¥ REMEE lw%ne Ieémﬁaﬁmm 86 Ry Bt @S MPSE
WD 2010/ 083434PCT/ U S2010/ 021235 al 'owed f grade 3-4
non- hena® eibirgiscer extiost tRasg escplggoy eendiausl tg chref:cmlb@u@f 6 pily et pedenced
grade 4 [ Ry qrhpsyt @%ﬁuc?s de[/%;? +h1FURLRGY dia%%{ gﬁl fng glo%ﬁ%ﬁﬁgr?lEUG

hypersensitivity reactions non- hemat ol ogl ¢
precl udetréatmbﬁiewemyadhmssterfcdchenot herapy were renoved from study

t r eat men t conpleted fol |l owu di cation
Losoo] dapHl | B iaS hetfions Fo Bl DR s B oS oar st ant. sg
BI D) wer m@ﬂgﬂoay@nge@da[umong hree days starting | day prior to
docetaxel administration in order to reduce the incidence and

severi t yjook2f | pdidwigt @MdroRaRAGT BYBSTS BRSAHAMMAYA LORRE! RSB w927 3]
The use and sel ection of anti-enmeticC agents or other pre-nedications

(e.g. H, pavraednindtas)B. ik cstefererrandomazagi tgememaildrfaﬁrnomthé af Beeeninmgyt

ot vt PR REL 70 PR PR 261 & AR P BT TG

this st utly apmdvddatost bEs mgdiltmimsiakd eppresmaeicd hes dek mmiy &henﬁtﬂ&ﬁdipy

i nvesti gatLon ent s w h'n 30 days of ..initiat t.u ent_ and
For the Bardk bebier 1 e Hemelam Sonis o iutte ool B8 sy isaeticr Bpp
shoul d nRtindB. IFIG, RebIRRAVURS EHembthetay Tyied fo@%&k@l@@@y Mehrtdial ShdEUG 3.
Cyt oki ncs, other hemat opoi ctic growth factors and prophyl actic
antibiotics for the duration of the trial unless prolonged or febrile
ncut r opcni a ocCurs. 1T ne SUbJEect Was (TEated W tIT G CSE—at—any | i ne
bet ween t he ellglble to
recei ve NEU e
Nbdications

basel |
ilgrastim)
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a.Ceneral Statistical Methods: [0279] The data related to safety,
phar macoki neti cs (PK), pharnmacodynam cs (PD) and i nmunogenicity
par anet er swoens/ @l yzed usi ng descriptive statistical retodsyzi23s

[ 0280] For frequency and severity of adverse events, and for

| aboratory toxicity grading, counts and rates are presented. -70- WD
2010/ 083434PCT/ US2010/ 021235 [ 02811 Efficacy anal yses included the

i nci dence gnmaduratrton of grade Z—and grade =34 TeutTopen a, nadi

ANC, time tjo nadir ANC, At . r . 5 x 109/L and
NG S Te Lo, oadl ¢ ANG 1GhiTES DG SGRIROY st NiPR QD X 109/L any |
No strict statistical power requirenment was usied to select the sapple
size for thwm 2 Oﬂﬁﬁﬁ_&.}rﬂﬁ&ﬂiw tim)

non-inferidrity of NEUG to pegfi|NJR#adDwedke a s} ghificance |evel pf
5% was cal cud at ed. [ e app™NBUGateyk87 |subd ects per treatngnt
arm As thi §§°%%§“q‘§¥§ﬂ%§%“*%li 2 stlodyucaodlugked ptioarily for safety,
it was determned that the requiingdGaspLexp! ZE3J@ Pe powered for

ef fect ves I T SPIT ODT T 4fee A5 SUCT of (SO SR, T
eval uat ed. [PBrsposttion/benograpt WJGB d_ogji(rn i T €€t
wer e enr ol | [eRhrilfe]l RmeioRdzdtiod, Seqaerts d8s8 e&zéaj—a-t—t-ea—p@:—t—ken—e
the trial. l[Atotal of 51 subject m}mlqigsgf%g/kgl eléi/® the Part R

portion, and random zed to NEUG 300 jig/kg (n=20), NEUG 450 jig/kg
(N=21), or pegfilgrastim6 ng (n=10). b. Study results [0284] In

initial dose- fi-ret-Re—+R—the—ahsenece—et—eherptherapy—NEWG-was wel |
tol erat ed and Mﬁmﬁowﬂ ef:tﬁ"h“‘{i‘sye\l ich peaked
bet ween days 2 Biatmendnd ret ur nefdPas AYOm|l| Payt BAY) 14 |(Tofad, 23) .
[ 0285] I n Part| Mgulata® t hree subj pts in thelB80 jig/ kg |[NEUG dosé group
and 1 subject |i{pedfiigadtb)) | i g/ kg Neugrani n gose group experience¢d
febril e neutrdpemija 50r severe neltropeni a l|@gsting greatser thanj5
days. In Part [ByEQRAG56UD] €Ct 1N [he 300 |1 gpKkg NEUG dgse group|and 2

subject in the G UG dusg group—exggT T enced fehrite
neut r openi a or ﬁg{fﬁrﬁgn"“””pcni Fasti-nag g;“ziat er—that 5 gays— One
subj ect i n thgpegHtrgrasti-m-gobp—experiefhced-f } leut ropéni a or
sever e neut ropp%t% | asting great DIT3 than. 5 davs ¢ | @fjngpni cilty

[0286] Serum sanples for antibodies to NEUG wer e obt ai ned prior to

dosing on Day 1 of, every NEUG cycle and at ghe of treatnment visit
(at | east 15 days bafterd({”ﬁ%%&%lé%ﬁ%aé’é')(ﬂﬁrﬂlgs]{]ﬁs%g[i%l&e%g?(g ng NEUG |If
at any tChandiheiqyy t he study a subject devel oped a positive anti NEUG

anti body respaopse, a repeat sanple was. obtaj ned _approxi.mately
mont hs aR2SH ¢ Fe demgihck w@gaag&m thipipighongis ioﬁﬁc’%%b‘%éﬁln&“@ga%

al | subj gb@xéINBEoNgR” bitRineRde® eqﬁéﬁﬁfl?ﬁ?%&%nogﬂdgus?&f dn ﬁqu;‘t[@atggléﬁ

§
sanpl es were negative for antibodies . Adverse events | 8]

During P&Fbp R twcdledayicytles.ng toxicity (DLT) was defined as grade 2 or
gr eat er kqi cal |y si.gnjfi e event(s) .. .considere 1 hly,
o obabt yI2elcftidne RS0l RO A AL S R ER AL BER I
of gr adecant@NC) ait ¥ b qudiphtel§t®289] xNG’/DE TTwaimeanamithibedabged ap to
cycle 0 in an%g{ the Part A cohorts. Only 2 adverse event were
repor t ed"2s P S damEGI9UESHER] ni strati on: bone pain and

exacer bafo2o#) OofhdoR¥iasibh BEIIXSRRdIE RS @Retakd) Pal aéeh%po%&wﬁdvegilgziﬂé@ﬁfts

after NEUG adm nistratjon. Both events resolved wthout sequeale.
[0290] THiniGaaHy & patisets MithNEest ¢apedt Sevsud] diercembinpen ishitahly at

| east 1 \ : D6 ! A%z - o]
pegfil grlglg%/l:égr‘f@? rregs\é‘t%;%ﬁ% g%ﬁ%ﬂcr'?% . %@ g(geo%{))rar a t@%@@%&@ﬁw@%ﬁdwgmm&
respect i Mas7)) . E¥aa2a ] thdaddinerasfyCSHs, the vombinyticregfaivkadbiathvied slecemenhs
AEs greater .than or equal .t %,0f .al | j ect for. Part I .
b ovi dedniibed s At eiindh 997 dniis i O TE b ot e R Bise
Event s igxbhsidiias®takel Baibien BaPoRuhadd iaRulRYE oPRAY Fiiab hRdediglidiHE
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Rel at ed AEI : Bone Pain 1(4.5% 3 (14.3% 0 (0% Unrel ated AE2:
Nausea 3 (15% 3 (14.3% 3 (30% Vomting 1(5% 3 (14.3% 3 (30%
D arrhea 1§%10log8438%9 1(10% Stomat tis 0 (0% 3 (14. 38QT1/0s2000621235

and its complications. Therefore, the combination of doxorubicin and docetaxel is an

appropriate chemotherapy regimen to study the potential of a new agent like NEUG.

Doxorubicin

Pharmacologic Data

[0258] Doxorubicin hydrochloride is an anthracycline antibiotic obtained from
streptomyces peucetius var caesius which inhibits DNA and DNA-dependent RNA synthesis,
as well as protein synthesis. Doxorubicin is active in all phases of the cell cycle but
maximally cytotoxic in S phase. Excretion of the drug is predominately by the liver; renal

clearance is minor.

Pharmaceutical Data

[0259] The drug is marketed commercially in 10, 20 50, 100 or 200 mg vials. Lyophilized
preparations may be reconstituted with sterile water for injection, dextrose 5% solution, or

0.9% saline for injection.

Side Effects and Toxicity

[0260] Myeclosuppression, primarily leukopenia, with a nadir of approximately 10-14 days,
and cardiotoxicity, including a rare, acute pericarditis- myocarditis syndrome and a delayed,
cumulative dose related cardiomyopathy are the dose-limiting toxicities of doxorubicin.
Marked alopecia and moderate nausca/vomiting are expected toxicities, Extravasation
reactions producing local skin and tissue damage at the site of inadvertent extravasation,
stomatitis, hyperpigmentation of the skin (particularly the nailbeds), and a “recall”

phenomenon at sites of previous irradiation have been reported.

Docetaxel

Pharmacologic Data

[0261] Docetaxel is a semisynthetic taxoid that binds to free tubulin and promotes assembly
of stable microtubules, interfering with mitosis and cell replication (cell cycle specific for M
phase). Docetaxel is extensively protein-bound, extensively metabolized in the liver, with

fecal excretion of approximately 75% of the dose within 7 days.

Pharmaceutical Data
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Fatigue 0 (0% O (0% 1(10% Pharyngitis 2 (10% O (0% 1(10%
Al opecia 4 (209 7 (33%9 2 (20% Thronbocytopenia n Inil/2) n M4) 1
(I noin / wWoRe0E®B083434PCT/ US2010/ 021235 Tabl e 17: Suramuszoain21235
Tr eat ment - Emergent Adverse Events in the Phase 1, Part B Popul ation
Headache 0 (0% 1(4.8% 1(10% Hypokalaem a 0(0% 2 (10% 1(10%
Vitam n D Deficiency 3(15% 0(0%

[0262] Docetaxel (Taxotere™, Sanofi Aventis) is provided in 80mg/2 mL or 20 mg/0.5 ml

single-dose vials with an accompanying diluent (13% ethanol in Water for Injection) vial.

Each ml of Taxotere contains 40 mg of docetaxel (anhydrous) and 1080 mg polysorbate 0.

Side Effects and Toxicity

[0263] Docetaxel should not be given to patients who have a history of severe
hypersensitivity reactions to docetaxel or other drugs formulated with polysorbate 80 such as
ctoposide and vitamin E.
[0264] Patients who experience severe hypersensitivity reactions should not be
rechallenged. Patients receiving docetaxel should be premedicated with corticosteroids as
outlined below.
[0265] Mild to moderate liver impairment results in delayed metabolism by 27% and a 38%
increase in systemic exposure (AUC). Docetaxel should not be given to patients with SGOT
and/or SGPT > 1.5 times normal limits and alkaline phosphatase > 2.5 times normal limits.
Fluid retention occwrred in 17% (moderate) and 6% (severe retention) of patients in Phase 111
studies despite corticosteroid premedication. Severe neurosensory symptoms (paresthesia,
dyesthesia, pain) have been observed.
[0266] Expected side effects include myelosuppression, primarily leukopenia, with a nadir
of approximately 9 days with recovery by day 15-21. Alopecia, nail and cutaneous changes,
stomatitis, myalgia/arthralgia, nausea/vomiting, and hypotension have been reported.
Chemotherapv Dosage. Administration and Dese Modifications
[0267] Onday 1 of each treatment cycle, chemotherapy (doxorubicin followed by
docetaxel) was administered.
[0268] Doxorubicin was administered at a dose of 50 mg/m* by IV bolus through the side
arm of an infusing intravenous line or central venous catheter to avoid extravasation injury.
[0269] Docetaxel 75 mg/m” was diluted in 250 mL 0.9% saline or 5% dextrose solution and
administered intravenously over approximately 1 hour via a polyethylene-lined infusion set.
Vital signs were obtained immediately prior to and after the end of the docetaxel infusion.
[0270] Prior to recetving each cycle of therapy, subjects had to have an absolute neutrophil
count (ANC) > 1500/mm” and platelets > 100,000/mm®. Treatment could be delayed up to

two weeks for hematologic recovery. A 25% dose reduction of chemotherapy doses was
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1(10% Hypertension 0(0% 1(4.8% 1(10% Related = considered

possi bly, probably or definitely related 2Unrel ated = consi dered
probably ne wel/@sed or not related [0292] The nost conponbyoteperssed
adverse event considered related to NEUG was bone pain, a typical
adverse reaction associated with all G CSF products, which was
reported in 5 patients 4 listed in the table above, plus one Part A
subj ect i\ NG |eca " 3 : DAL :
N1 A B o e e G T RS on s
wi t hout 4#yeisbesatoperiade 1 el evations in al kali ne phosphatase and uric

acid occ d 1o \.ving. adm nistration.of NEUG in cle 0: .these

avent o viPoEG eSS iR YN AR P o flie o oy HedoToese

| nvest i gmikiitis dnt preelsat fietiemdycROUT clichlofey @R twdaremtves Goal BudgXRectad

effects {)n pat}'[egegts receiving a GCSF (e.g., NeulastaO). [0293] O her
comonl yPH&pEPtelsd fallRsiBe events during chenot herapy cycl es (nausea,

vom ting, alopecia, stonatitis) were consistent with anticipated
adver se eventgﬂiﬂi%%wt&ﬂng t he doxor ubi ci n/ docet axel

regi men. 1gh9294by T 1€ JWeQIdd} YorRloskARA! &6 AR IR BasBlc Lade 1
or 2 sev[er ?:tg]y %09? AES wesr e reoac?rte‘blé\gs %E??%}ﬁ%ﬁggéceéﬂg%ggéﬁen lg Two
subj ect sadrunsteraslder thrasglagbfartingl kigy pnel todecetBe! jdnghisgationdp erdeetnaedhice

vom ting,that,caused hospital..zation and one of. these. subjects

exper | onEd SR T BRE b Ry oA R g ERaivhe a1 .

vomi ti ng[iefsit Wesusghdlsdldttibnbasi-drfetR e @ QbSEHerGie-Rlc@lodgR de o. H,
hospitalization, A third subject received 450 jig/ kg was hospitalized
for febritgonsti Pabiehita therisredivaf theispdrarisicddr ed unrel ated to
NEUG. e. Pharmacoki netics [0295] All subjects receiving NEUG were
sanpl ed Peghikitd Medigaionsoncentrati ons over the course of the study.
The drug d i i I 1 IF ar.bent
aseay ( BT E o B R B R R P
dat a wasprocsiuenstdedng thisPidyreall yoi the abiitigalMiimMowpkéificEbdlewpri se Editi on,
Version 4.1 or higher, using nonconpartnental or nodel -based

anal ysis. W3.20102t083484REGTohE2Qd@; G2RRIB PLSGhitElRg §tady mshingd Rl
par anmeters were o%ﬁai ned: afrga .ucder the curve (AUCOB), clearance
(CL/F), volume of f S{PFMRLEHEYZ/ F), maxi mum concentration (Crax),
absorption hatf-!|idusdquddt2yclads)che@bihbiapatio RALE iditified (412 daghi M
and nean residence tine (I\/Ig{T)..Phar macokl netic data were assessed for
linearity across tfkowWegdoyiaghyeh MM Gyed in the protocol. [0297]

Phar macoki netic p ar S f , : Y : SEI
sumari zed i n3'Tab$fe)%1¥§£§h?jthﬁlhceém€y P%ﬁﬁgg&%?&éﬁg $iﬁ@%®ﬁ%‘f?@ o< for
FIG 27. Table 18 NeudpratmoofFatrisboddss petlongsd pnfebiitvaruiSeh matcsurg. Pifalse

WG 450 0./ kg, NIRBR SRR paR & ST AT SN FRherg Rttt ogpyd

1758 1675 Day 0 they were not eligible to receive NEUG and were discontinued from the
study.
Allowed Medications

[0275] Subjects were allowed to continue their baseline medications(s). The daily dose of
cach medication was maintained throughout the study if possible. If for any reason deemed

necessary by the investigator, a subject required additional medication(s) or change of dose,

the medication(s), route of administration, and the indication for which it was given was

recorded on the appropriate pages of the CRF.

Antibiotics
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3390 2003 10131 9563 tiaiernm(hr) (mean SD) 14.4 4.0 23.5 10 29
9.3 Com (ng/m) (nmean SD) 72.7 59.7 108.9 50.5 294 351 trim

(hr) (nmeanyjvol21d@348 [ 0298] Drug exposure as neasured PyT/oB2eiomeAss
serum NEUG concentration and area under the time-concentration curve
i ncreased in a dose-dependent manner. Serum concentrations for
subjects in the initial 50 jrg/kg dose cohort were consistently bel ow

the | owefpalzgim Al Qfbjeartéicad [519{)}3((@{1@0&9 Lifiotick TR /‘[gﬁ'éﬂéﬁcfnb"ﬁ)llogng;e of

6-24 hours for all "doses from 150 through 450 j1i Cmax’ran
from 72. @chsourye pirphgmothgmpy tyerticeshe Bkajibsed ofinfksdon gf Feritene®dpenBSsE

1958 10 REMABeR ndpBLENG 150 R P8 ST B TR E  Y a

a dose oéonéﬁ@rej:llagr‘ek@lenqé@lh& fenfoR 8@ BSmWRY Qudi, Bbipleted Fhidy TR RRY- up cmd
elim natl on h I life of NEUG rang id from 14 30 hours. 1%0299

noted i Nt el uaporlys cake, ipclyiing grwin fagigbRupport 8L dbeatigaipridar t
A recei V@iglmgtlf@l first dose of NEUG at |east 2 weeks prior to the start
of chenot herapy (cycle 0) for an initial assessnent of safety and
effects Wﬂ'f"élbsé\ﬂl!ﬁcéb wikuierpoptriced svyarethypeisuGitivity neactiensa sembematblogic

cyt ot oxi

sub et s KRR RaBbiGERed OHhELe Bt b AU TN Band SIREHS, ﬁ?&%?%%?fﬁsv%
cycl es 1lireande andl corhpleedidiov-op dose-limting -74-

2010/ 083434PCT/ US2010/ 021235 adverse events consi der ed related to
NEUG i n cycl e 0 and t hesagdthheeisnfant i nued to neet all eligibility
criteria was .ad |stered 24 hours follow ng chenot herapy

admi ni st 03¢ onThq:%I&étYQ NEL v A estra iy enpluaion of e Ve feouasey. ot severity

subj ect spftJa@krs& @\%%{s"(@ﬁEML@algi& Hd‘&mﬁ‘éﬁ?l ggragorﬁfé %heﬁ&@Q%WQ%Q?m CS

and establishnment of Part B dosages ysSIs 0O rom
Part A ofhcphgss. imngmogdnecity plabpiogl feqamupwe amebthle@wnngrmgmfemmgmmnr 1.

NEUG d d AN
Cprior ¢ Ay AR ARSGIBREIRT NGl RGw ey AR PR RO ui el Sy
i ncreas e@ommoﬁmeh&mﬁ oge CeiteciarfpiaA divt® Bven®di(NCHOTCHE HYadsan3W, 12 December

pegfil gr {m | mol ardoses .3. As anticipat ed WBC and ANC dr op
fol | ow n@%g’h Y‘:}’@r WS fo "resi SrQUspA YIRS AdESabTeacaptwsd om the

rel at ed furt ANGIANS Y Bl RkaPAdgh ORR oy Hahe il 0301 oBRSS) @e

t hese observati ons and denonstration of safety at all
Part A kHeraeyasscetpsenvere pbiaived paoutliBddy s pdre ofehssegoBnanth 40

|1 ks, B EG P PR G T RRL S BRRRRT P bR i

of 6 ny.thSuld)iextsaecxtayelews thetdpg Wik dSaped (ardifidr gicclastichelobtrehlyient),
fol | ow ng _doxor ubi,ci n/ adm |st red for 2 cycles, 21 days
apart). gx‘f Héo&ﬁ?‘fnt%&igﬁi}”ﬁg&fgem@a t?m‘ifél\?éli%“di“’ﬂcleé’éceg]fy %“HEA&C

popul atiwensoResul ts are sumari zed in FI gure 28 and Table 18, bel ow. .
[ 0302] The incidence of grade 3 and 4 neutropenia, and the ANC

profiles during Cycle 1 were determned in 48 of 51 treated subjects
as show in Table 19. Note that 70 80%of patients treated with

doxor ubi ci ni docet Basultgpf P Partsyeand Boeni a wi th durations average
of 5 days in the absence of prophylactic G CSF treatnent.
a, General
Statistical Methods:

[0279] The data related to safety, pharmacokinetics (PK), pharmacodynamics (PD) and
immunogenicity parameters were analyzed using descriptive statistical methods.
[0280] For frequency and severity of adverse events, and for laboratory toxicity grading,

counts and rates are presented.
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Tabl e 19: Incidence and duration of G ade 4 neutropenia in Phase |,
Part B after cycle 1 of chenotherapy Treatnent NEUG Pegfil grastitn 6
ng Dose 30@020gvissr3450 jig/ kg Nunber of subjects 20 2lpdBuszovdme1239\0
2010/ 083434PCT/ US2010/ 021235 Tabl e 19: Incidence and duration of
Grade 4 neutropenia in Phase I, Part B after cycle 1 of chenotherapy
Grade 4 Neutropenia 9 6 3 % grade 4 Neutropenia 45. 0% 28. 6% 30. 0%

Mean ( damklfl- E—fﬁcacy analyses included the incidence and duration of grade 4 and grade 3-4
neutropenia, nadir ANC, time to nadir ANC, time to recovery (fto ANC > 0.5x 10°/L and
ANC > 1,0 x 10°/L), and the incidence of febrile neutropenia.
[0282] No strict statistical power requirement was used to select the sample size for this
study. A study with a power of 80% to demonstrate non-inferiority of NEUG to
pegfilgrastim at a significance level of 5% was calculated to require approximately 37
subjects per treatment arm. As this was a phase 1/2a study conducted primarily for safety, it
was determined that the required sample size to be powered for effect was larger than

appropriate. As such, efficacy trends were evaluated.

Disposition/Demographics:

[0283] A total of 13 subjects were enrolled in the Part A, sequential dose escalation portion
of the trial. A total of 51 subjects were enrolled in the Part B portion, and randomized to
NEUG 300 ug/kg (n=20), NEUG 450 pg/kg (N=21), or pegfilgrastim 6 mg (n=10).

b. Study results
[0284] In initial dose-finding, in the absence of chemotherapy, NEUG was well tolerated
and resulted in the expected rise in ANC, which peaked between days 2 and 4 and returned to
normal by day 14 (FIG. 23).

[0285] In Part A, all three subjects in the 50 pg/kg NEUG dose group and 1 subject in the
450 pg/kg Neugranin dose group experienced febrile neutropenia or severe neutropenia
lasting greater than 5 days. In Part B, one subject in the 300 pg/kg NEUG dose group and 2
subject in the 450 nug/kg NEUG dose group experienced febrile neutropenia or severe
neutropenia lasting greater than 5 days. One subject in the pegfilgrastim group experienced

febrile neutropenia or scvere ncutropenia lasting greater than 5 days.

c. Immunogenicity
[0286] Serum samples for antibodies to NEUG were obtained prior to dosing on Day 1 of
every NEUG cycle and at the end of treatment visit (at least 15 days after the last dose) in
subjects receiving NEUG. If at any time during the study a subject developed a positive anti-
NEUG antibody response, a repeat sample was obtained approximately 6 months after the
final NEUG dose.
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LO 0.7 SD (days) 1.33 1.67 1.16 Range (days) 0-4 0-5 0-3
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WD 2010/ 083434PCT/ U52010/ 021235 t he pol yethyl ene gl ycol in
pegfilgrastim, a 4.5 fold greater dose of NEUG (based on weight) is
predi ct ed wo 2bmasizef f ecti ve as an equal dose of Neul ask@@s2oto/21235
(pegfilgrastim. Efficacy data in animals were consistent with a
4.5-7.7 fold equival ence to pegfilgrastim (1 ng pegfilgrastim=
4.5-7.7 NEUG . Non-clinical safety and effect data are consi stent
with this dosg estimate and Wien consi dered wthavai table ciini cal
data, formthe basi s Tabie IThSudmsay of Teettmdnf-BmeefdmiAchbrse Eakniat|i on.
h.Results of Phase | [0310in filecPifdes U PAt BrRypuldimnPhase |
phar macoki net{c eval uation are as follows. NEUG was det ect ed in serum

sanples from Jects trem th UbEb 0114/ kg,
300 jig/kg an }Iiéflé%&)igl gl kg on m?ﬂo%x \'%KFIJS?Z\ ] 10 j I\I!EUG
was detected |ymokpaania hours| i @ (A3t suBj(&¥%s (45/ 50! @Q%;)l ed) [in the
t150 mg{ kga 30Dvidrain TODafcety 0] | 3 0/58g dose @epupy. ViTiuabdy no [cycle
o cycle drugraee ..u. at-on—wa erve KOS H-£- er in
Cycle 1 and | HRPEFIS (o e- chem?ﬁ%raov)ltﬁvﬁ?% dach d]gggiﬁrouo The

i ncr eased exposu?aelatﬁdN’atd@SIdcred:ymsé)mprcﬂaabllyloekigrﬁrdmgrItcmtddhe decr eased
nunber of neutrOpﬁmlehl)recwfwcmhldptleaIprcﬂaablglnetiethtetdhﬁnbﬁf&&lﬁdor-rredl at ed

cl earance of G CSF. The nedian elimnation half-life of NEUGin Cycle
1 was ab[(ﬂﬂﬂZ]SGl“l‘rmmsi; cébromodiysepogtcd aﬁch@O:vang/cbgudmeﬂ ROitdiay NHOG wdobenc
group 450 he elimnation ort dto be 3-4,
nour s 1 ot el YR Ta of o8 e i ALfe SR e Bisb &% Fgpried in 5
pegf fi grpsieaty liteatil Slitdad Above it dnk Panta dividcerencms 456 hg&g) Oiﬁ%ﬂ%ases
were observed in the tinme to maxi mal scrum concentration

t he absoPpberspaimves NCHETOAE gndy L€ dmitdnsity, trapgen 11F\F1urit101p@|ddﬁ'@i‘@ﬁls

i ncreas e r.mal PK
par anet ﬁgﬂas‘"lggevgedﬁét gﬁdgg i%%%ﬁ/“gg’?gﬁ?m dan %}ﬁ\éﬁg{%r%elﬁgggﬁ ziig%%geg doses.
Exanpl e ﬁ)ﬂlowiﬂgASEinié;tl 408 o1 NEPKAR yicle Q)fthels&n eveatsud&;re dexsned tc bahotalihedily
random z¢?d J ﬁ 3 nducted in 33 J: ’cﬁ i ttg brg st cancer ‘
recei veds%er ?6‘ Y g dne CS%aﬂB%HEB Qe L frasrggntiony, KR gERyexDgied effects
conducte@lpatmlﬂp@e@wngat@t}gpigchbﬁqwg@)S| tes, and consisted of a

t wo-way random zed pilot phase to assess the saf ety and effect of
subcut anpaos! yo&@:%d%rﬁ&rﬁﬁ%%o%v\é@é%%‘iltﬂﬁﬂmg'cﬁérﬁ&hérﬁ? y &Rlds pvReeDY @
mai n phase in which subjects were random zed to <£@i? rastim and
two, wel YORIERgaiapeeiadtyaaitisl wNEOmsistent with agteipate @g@ﬂe%wnmq@exm | ot
phase. hase was powered to establish
non- i nf er?%?l?[gm edf0§kléuél%ocggg?lq?%?l§£tl mwth regard to the primary
endpoi nt [0284ir aTheonaJorﬁtysaéwa::erte«gAﬁdweﬂs) of MLt CBP Enade [ DINevetityi Bour AEs

chenot her a cle 1.. The, stud esign s shown sche el o
) ect M OBLeIEA 5 St BiviskFYerbn, Wi bl Boriomnaaany 1o dup ke o S
doses of@fﬁ%}@xg@fmw«oahnﬁ@that QO btz Aoh @6l ch@oMBGEisligeast i m and
to assess the duration of severe neutropenia (DSN) in cycle 1 of

chenot heP@pensed %Fewﬁ%éﬁﬁéﬁfhwﬁplﬂwm&@)@m%%wmﬁv wopisiag ke wapmild in o
assess tjy t [ I

A ophll Féngg{ﬁ]@[t @erllgsg%{)/ﬁ?o%n% Igési%o . Vﬁ%ﬁmtd B cliQeRRRAUYS Re/ke was
2010/ 083uspirdirs LR @d@ﬂ@maerﬁze b'fhel eyern tveoopasidered nnelatddes NEUMG. and
to assess the safety, tolerability, pharmacokinetics (in cycle 1),
and i munogeni ci t ye. of MHEdGnacekmadticent characteristics [0313] For

Phase |1 t re scre based on .the fol i .

Char ot o288 M SidE Srarh SRMG 335 SrR b G shin MR Angentatigps qyer
hi st ol 0gihé abiiye rand smdsedr@rc@@@wdpm&% L@ﬁmdgdhmcﬁ Endyafeainked
doxorubicin 60 nmg/ 2 and docet axel 75 . 18 years of age or

ol der 3. 1%@@&%&?@%&%&@@)@%&%@ BE Tlm@um IBg@PIAeRirgion-time data
Platel ety 1& Qg@gggﬁa@ms&gf@% 1“%@1&& r1&rl§jchtrloqp@lcrsgoll'1%f bxofﬂghcz

Serum creatl n
using noncompartmental or modcl based dnaiybls
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8. Total bilirubin within normal limts (WNL) for |ocal |aboratory 9.
Serum transam nases (SGOT/ SGPT) < 1.5 x upper limt normal 10.

Al kal i ne phospteesnse <2.5 x upper limt normal 11. East®rmius2010/621235
Cooperative Oncol ogy G oup ("ECOG') perfornmance status 0 - 2 12.
Eligible to receive doxorubicin based on a left ventricular ejection
fraction (LVEF) within normal limts 13. Have the ability to

under st adod)herH-SaNdBIPR Sarfietdd§edt dk S nedt &xaﬁ&’er\ﬂgé&&mA (25 med
consent (including consent” for use and di scl osure research-tel at ed
heal t h i Beaeneallbi), v@huncalmitybution{Vely mftmm%np@pmemraﬂondﬂmehabwsptmn

ad uvant PRy #0ur OB BAR: 2P ST RERK 3 FRE M e

ant hr ac ylﬁiaﬁﬂﬁcodiﬁﬁ&c thatvenidbedsdarieclinedtyhcfodh thedosragytCdngSo @il in the
doxor ubi ci n [ n this study 3. Prior chenotherapy/inmunot herapy wthin
30 days PPiOSPL of study chenotherapy (within 6 weeks of study

chenot heypa fﬂfanﬁé&kﬁ%@é’ ﬁﬁe’t@x@@fﬂl&; cyc% r&hemotherap )are summarized in
2010/ 083434PCT/ US2010/ 112 Lﬂ‘ orTyC| n- e) AY Concom t ant

t r ast uzuhaite G%mft@pt?Yﬂ?OS’KIReﬁ@wé SteaﬂgdmrﬁlSsﬂ gational agent in the
past 30 days 6. Cardiac history, signs or synptons that, in the

| nvestigator's opinion, preclude the use of an anthracycline-based
chenot her apy

e A T Y A T D ST AT
chenot herapy (except spot irradiation for one netastases) 9. Prifor
hi gh- dose chenntherapy with hematopoietic stemcell transplant 1Q.
Prior use ofPamamefer GM CSE_ONEBG/t hr opoNWE wi t hi n 4NBBEks of stludy
chenot her apyDdst (mBgkg) ved sysilanyle ant i B0oLpksg W t hi Msbdigieur s of
study chenoiereRyf $dbjedth St ¥y of nyel oud mal i gnancy [or

nyel odyspl agaABCIB-nfnayn bral n netastases unless adequat el'y treatled

(surgery or (g@gﬁgtslmrapy) no/ 58 bdace B8%btaEB¥%essi onl WPt H936% nilnum
of 3 weeks st!eemr}m%tghggng@%) 1 49'4%9' (.,oll bX,Sb:ttﬁdfi enpif ﬂjljligtjunvw sgnt s

and steroi di’C w—-stchkte—ceH—diseasSe—15—bragnosts—of—adut
respiratory (o“‘“é rg/ syndr on2.TARDS) 16.10Kaavid. i st ondp4af3dl | er giles
to yeast - defiid edyet-s—1{—Known hypﬁrsensi thvity to E
coli-derivedmx ‘ j‘ '_tzg.Lani m.f ﬁgr astim..qr 3351\/ ot her

conponent of pegfilgrastim
[0298] Drug exposure as measured by maximum serum NEUG concentration and area
under the time-concentration curve increased in a dose-dependent manner. Serum
concentrations for subjects in the initial 50 pg/kg dose cohort were consistently below the
lower limit of quantization (6.3 ng/mL). Tmax was in the range of 6-24 hours for all doses
from 150 through 450 pg/ke. Cmax ranged from 72.7 £ 59.7 (mean + SD) ng/mL at a dose of
150 ng/kg to 294 £ 351 ng/mL, at a dose of 450 pg/kg. Correspondingly, AUCq_, ranged
from 1758 £ 1675 ng/mL*hr at a dose of 150 meg/kg to 10131 % 9563 ng/mE*hr at a dose of
450 ug/kg. Cycle 1 ranges were similar. The mean climination half-life of NEUG ranged
from 14-30 hours.
[0299] Asnoted in “Study Characteristics” (section 4, above), subjects in Part A received
the first dose of NEUG at least 2 weceks prior to the start of chemotherapy (cycle 0) for an
initial assessment of safety and effects on absolute neutrophil count (*ANC”) in the absence
of cytotoxic chemotherapy. After a minimum of 2 weeks follow-up, subjects received NEUG
at the same dose following chemotherapy in cycles 1 and 2 if there were no dose-limiting
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18. Pregnant female or nursing nother. (Al fermales with an intact
uterus nust have a negative serum pregnancy test at screening. All
non- st eri lwoanionexnspost nenopausal femal es nust practi cercryodiopaldsy
accepted nmethod of contraception over the course of the study and for
30 days after the | ast dose of study agent.) 19. Mal es who do not
agree to use effective contraception throughout the study and for a
peri od 3 ; tn ‘ aeM. &W}T )
posi ti vg‘{dg?{g%gﬁﬁée&h%gg% (? %}?agéc?%g%&@ﬁﬁ%tﬁﬁo gt@%{n&s w | ééh%){%
be t est eligitild3 T6teri8ubiFe T wanedneinisemshchoursoirléwing lebemotherapyrent  f or

he fol | ow. "nqa8l- 2010/ 434P: US2010/ 02123 L
D sease PrUEreLERoAS 24k 2diohiy I SRCAR N GaC FROR e B g teceived

treat mentEGG dufihglcgdlés enidA.1 | ness at the investigator's discretion 4.
Doxorubicin reginmen - Maxinmum |lifetime perm ssible cunul ative dose

reached (see eligighi | i tPhagmhédIvh@hics anliebtalisiidnt 6f PHABS @Rz &:
Non- conpl i ance/ Loss to fol |l ow % 7. Pr egnancg [0317] If treatnent
Jtefe 0 @ist

: ] .

wi th st udyolr udnakess afitepirsaiion Pheserholibelstody gielday thrdelowiag | owed
at Ieast?ﬁgrv 5. following the final dose of any study drug for
safety and PK assessnents. 3.Study a2ent [0318] NEUG

schedul e
(recombi nant human,ghBy s &&ng-gc&fnﬂg&{'r@m&ﬁ\%aa?f’r{ioq‘ags‘é%@yfq% @ékg«?(pﬁor

factor, rHSA-GCSF), 15§ 4 fusion protern
appr oxi mat el y 85k Baclomnniesimd (sea ccis dghat ERAIMAcomB) Si ng resi dues

1-585 correspondin 0 the mature form of A and residues 586-759 .
cortaspondi nt o UG SErSE T RO Ha e MHEcH fi dyaen erastim
noi ety of NEUG i s 4 eqmbiaRastes human DNA-derived G CSF. [0319] NEUG
was supplied as a sterile, Iyophilized fornulation in single-use Type
1 gl ass vi al s>-and At atiegatae, %mndwé%dmcf@kh@wmgahthwnm 1.0 ml of

sterile wateryfor 4nj kon, i ont al 0 raginal (50

ng/ vial deli v4e'rabIReﬁj)%ﬁ&Jgg?]nN%%‘:m&sagh?aﬁ%a%ﬁgés}%ﬁit e, 180 nV

manni tol , 60nMM t r eklal esd Vet yduratdio dr@a%y(da v} pol ysor bate 80, pH
6.0. [0320] The conposition of the drug product used in Phase Il is
shown i nj0Fall eBdtd obtHetesizaceatihntang dombiyeaiNm €5 shiatymilaHtdbgnisvaisadPartr,
Phase | and Phase |l are_shown bel ow in_Table 20. Table 20: cGW
For mul at PBHoES AT EhERE DRt g et 300 B D PEfguAs draded foove,

f58r rru} ﬁit_ hBfecBhase ranliorthRedW REUCB0BaLIeNRIEed 910 e1ed) 98 pdfRligrdRind atflé ML
m approved fixed dose of 6 mg. Subjects received the NEUG or pegfilgrastim one day

following doxorubicin/docetaxel (administered for 2 cycles, 21 days apart). Data for Part B
includes the cycle | ANC profiles of the population. Results are summarized in Figure 28
and Table 18, below.

{0302] The incidence of grade 3 and 4 neutropenia, and the ANC profiles during Cycle 1
were determined in 48 of 51 treated subjects as show in Table 19. Note that 70-80% of
patients treated with doxorubicin/docetaxel get Grade 4 neutropenia with durations average

of 5 days in the absence of prophylactic G-CSF treatment.

Table 19: Incidence and duration of Grade 4 neutropenia in Phase I, Part B
after cycle 1 of chemotherapy

Treatment NEUG Pegfilgrastim
Dose 300 ug/ke 450 ng/kg 6 mg
Number of subjects 20 21 10
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| ncreased APl concentration to reduce volunme of injection WD

2010/ 083434PCT/ U 52010/ 021235 Table 20: cGW fornul ati on conpari son
Exci pi ent Woraul/sB43en Attri bute Phase | formul ati on PhaBer/bs2010/021235
formul ati on Rational e for change Sodi um Phosphate 10 raM 20 nuM

Hi gher ionic strength reduces concentrati on dependent aggregation
Manni tol 200 nM 180 nM Reduced to provide iso-osnotic solution

Trehal ose [GrTH{dRI c%’en' ¥ }g&@ﬁ%ﬁ@q r?egx‘ég»p@ﬁ Ig nise I, Pft B

pr ot ect ant}. nchan I'n S nohspecl f
afmﬁy‘ﬁdso';EIE ‘io‘%b pAPY. 2 6.0

c

aggregati gn
Grade 4 Neutropenia 9 ) 3
% grade 4 Neutropenia 45.0% 28.6% 30.0%
Mean (days) 1.1 1.0 0.7
SD (days) 1.33 1.67 1.16
Range (days) 0-4 0-5 0-3

[0303] Mean ANC curves for the treatment groups are presented in FIG. 28,

[0304] NEUG is effective for treating grade 3, grade 4 and febrile neutropenia. In the
absence of G-CSF treatment for this chemotherapy regimen, the incidence of febrile
neutropenia is about 40%. A dose-related elevation in ANC and a lower rate of neutropenia
than is expected with doxorubicin/docetaxel were observed following administration of
NEUG. There were no unexpected or serious adverse events attributed to NEUG.

[03053] The incidence of grade 3 and grade 4 neutropenia was higher in patients receiving
300 pg/kg NEUG than those receiving pegfilgrastim (Neulasta®) and the rate of return to
normal ANC also appeared slower in patients who received 300 ug/kg NEUG than in those
subjects who received pegfilgrastim. The ANC profiles in patients who received NEUG at
450ug/kg and those who received pegfilgrastim were similar, though the ANCs during
recovery from neutropenia were generally lower in patients who received NEUG than in
patients receiving pegfilgrastim. In summary, NEUG at these doses appears to provide

similar effect as pegfilgrastim.
{. PK/PD profile, Phase I, Part B

[0306] The PK/PD profile from patients receiving 450 pg/kg NEUG one day after
doxorubicin/docetaxel administration in cycle 1 of treatment for breast cancer is shown in
FIG. 29. Cmax for NEUG is achieved within one day of administration and gradually falls to
undetectable levels by day 10. Following administration of NEUG, the ANC rises to a peak
by day 4 and then, as expected in patients receiving doxorubicin/docetaxel and G-CSF
treatment, the ANCs fall to a nadir on day 8 and return to normal on day 10. By day 12,
ANC values are in the normal range and NEUG is undetectable. Note that in patients who do
not receive prophylactic G-CSF ireatment, the duration of nadir ANC and time to reach

recovery ANC are much longer (e.g., 5-7 days). After a dose of 450 pug/kg, the NEUG
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Lower pH reduces concentration dependent aggregation [0321] The
formul ation used in Phase | was quite stable with a shelf-life of at
| east 2 yewosidBisagiies denonstrated that higher ionic spegoghientss
| ower pH further stabilized the APl at higher concentration (> 25
ng/ m.) (data not shown). To this end, the Phase Il fornulation has a
| ower pH (6.0 vs 7.2) and hi gher phosphate concentration (20 vs. 10
mV) . Forgg dﬁl@ﬂﬁﬁi‘Q%ILﬁJﬁf ﬁ%%&b%ﬁ%rﬁﬁ %E%% §@h&yt hat ﬁxﬁléd foQh 4. %h&ﬂa
protects t drug substance In d SLELR Trom Vi gor ou

shaki ng, repepebived sthnded doselvdpegidgrasimd .concent rati on i nduced
aggregation. Freeze drying of the Phase Il fotululation also produces
wel | -formed cakes.g.[ 032 diGamraiftdraldey bawaeh NEEG hed haglilgrabim

(pedfilg [ is,suppljed.in O led s |n es for

o eout acloBil MaokeRall oy s mythoehhEL G abpo oo 1t otatd doses
(based o dbfcefi®nBssWeh&idning th@redowh @ ldrmGen@bRa o is CAHAH hr?&ﬁnpamou of the
preservative-free sol uti on (pH 4.0) containing acetate (0.35 ny),

sor bi t ol IndBewalsyC pisdilsess ﬁb‘é@ & opegtme? Thg peaksdtiCoin f(ltgrmz; ey Ve
t f
Neut ast ™} S ARvcs iPlnicciiecvbENEUG a0l dendboglovith sl n Blingts

adm ni streativiopg NHMSGS et 43k igdig bhed 10 3] nddie i alb@ecwiemlﬂhg;seg,ﬂlgraqnm were

d trated that d f NE k f d
el o Bt Stetse HaoREBSE Kok e et ANaO i b et i B e LE6 E
pegf it gracdinBit daeiph, 10628 s16keNEEosastdiTiag 30O usAENEYG, Q@iefn&gb%g%

profiles _in breast cancer patients receiving cytotoxic chenot herapy
The AuC WEFG, ﬁ%dmRr@fﬁﬂ@fﬁ?f‘lgéélegéFW@lé’iﬂﬁsjeéﬁlgﬁh@me poi nt neasure of

effect. There was no statistically significant difference anong these
tr eat ment0308i0 Avabbivgmhbshptire S20refiReEtasigh vigps sinilat pedsnotherapy

AUCANc, S|
than t hat l‘ég%t%/oed‘ptfg %ﬁr&g}%@& é?%( mt&%’%ﬁg"%ﬁﬁnear 1o Cog@ nett‘%/d tg? QF
that ob Sbﬁ’mgh florschdtel degtle |0qpﬁwlbm@bﬂpp) (Reebs@its F@R)is ccBﬁ;Se&dorOWcrc as

avai | abIFHdat a, it was estimated that 300 jig/ kg NEUG was | ess
ef fective& ?Wﬁn pegfl I grastl m and 450 ji g/ kg approxi mates a m ni num

necessary dose to. e. equi val e fect to egfll rastim [0325]
The intent ofl'a fi @H%‘Emi“% OPTFWGH&??&?)W yEY&s ‘t‘;ﬁﬁfl pyk Eb’f”é"\‘f‘k‘éféhc

Fegar di oss of pat en e ape B ok P R fobe
regardl ess o :

es? i mated that p450ﬂﬁ01 gy ﬁ@gCﬁfEm tardiie deafiemed ffiensinud osafilprestios dageyof tlao
provi de simlar efJ t as pegfilgrastim and > 300 jig/kg was set as
the m ni nrum dose f urther evaluation in Phase Il. To select fixed
doses gf I NEU@US_t heEnpadt ﬁfegﬁlo mmsnaulqgme(ulgremasdoggaasnc &]{o}c écﬁg&a@hﬁaﬁlﬂl Clcle
was nodel e i ng, r.an a ng fixed dose

provi des the heavi §Yelbg’f Eﬁ{‘é@ﬁgﬁ%fﬁfﬁqﬁﬁﬁtﬂ%ose (300 jig/kg or 0.3
ng/ kg), whil e, appmxsmrﬂl%on?%gw}zmtm&%inﬁa@@ﬁd\&ﬁcc% ERASIc hBRly the
target dose, 450 at a tixed dose of 40 ng. Thus, the doses

sel ected for eval G&WP:dhuﬁ@FnF’h%@ﬁ&@ WF@EQ@% 40 ng and 50 ng.
Ihese provi deyan WG AL ik DRLRRN W AR bl Al lord T/ ko
the fixed doses ewghimatiadoses. this trial is provided in Table 21.

Tabl e 21: Equi val ent dose per kilogramfor the anticipated subject

wei ght range 50 kg 60 kg 70 kg 80 kg 90 kg 100 kg 30 ng 0. 600 0.500
0. 429 0.183%]0. 33@s@sSAbAE:, R/RD 8Q6ss01cH167 afBinGilland.ib@0n was consistent with

an estimate of NEUG and pegfilgrastim dose equivalence when dosed on an equimolar basis.

In mice, equivalent AUCaxc were achieved with a 7.7 fold higher dose thane pegfilgrastim.
Because albumin contributes significantly to the molecular weight of NEUG, and Neulasta®

(pegfilgrastim} is dosed base on the weight of the thG-CSF (not including the contribution of
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0.444 0.400 50 ng 1.000 0.833 0.714 0.625 0.556 0.500 60 ny 1.200
1.000 0.857 0.750 0.666 0.600 [03271 The nonclinical safety for NEUG
provi des aadizisomadBs support for the expectati on of saf eegr/as2otdiesss
doses. Exposure in patients at these fixed doses (AUC and Cmax) is
expected to be | ower than exposure at well tolerated doses in
nonkeys. For exanple, Cmax and AUC in the nonkey at the

wel | -tolgg ?élggthgi@i%@%lg@oljm Bagﬁlf%}dm 42510l g ka8 ke JNEUE BR&WEEwLBHY
patients a .45 nmgl kg suggesting ‘a further margin of safety exists
for hi ghiepradédsst teparuiefif¢odine ad an qumel done of Mewdasta® egRlguwatimy oBHicacy data in

t oxi col o lv. L0 nmonke: to and includin [ kg, wer.e
wel | ol STy SRR Ry P P el et mi ] iU
cSI e Lm gslt r-ati &7 ¥ BIERKS)S Noiﬁbdéigigscamaﬁaﬁmt efgbcﬁdlaﬂzdalre b Bl iexlritixgmih Gésede@tirﬁﬁtugy
chedul e and Duration_ [ . This study was a conptrolled, random ze
trial coqﬁdgleé&ovﬁﬁd%iﬁpw& W]éka%lwﬁ@isei d@ébf%?@ttge WepHoe dates eliried for
schedul edini @] ERERLN¥E UPp to 4 doses of doxonthicin/docetaxel. The
study, which was conducted at approximately 45 clinical sites,

consi sted of two Rﬂaseﬁles@lt%ﬂ(ﬁ}a Ppase and a main phase. [0329] The
pi |l ot phase, Fart A, consiste of a t wo-way random zed study to
assess t[981¢af BieReanlts férheint Ploke NEHdGrywkswtc padfatibyrass foiowsi t h
sequential enrollnment to the follow ng doses: NEUG 30 ng (N=10) vs.
pegfil grasti NMNENG5Ygs deietied 40samgn (=6 from allpelgbath geast with NSELD)t, dosesd

NEUG 50 ng (N= VS§. filagr im (N=10). .1n a further study, NEUG
50 mg (No30) U920 el IR RO am el 68 68 Lot ea. 1 the

Part A pilot RRasR, 1, NEYEGLS dNeEel TR MLZRS i I ost subjdctd @ 8/50 karlNHbG
to pegfilgrastimwith a total of 1 sub) ects in the 30 ng cohort and

20 subj ects fisitheekdimgket308 nathgand dohse/iks dosamemnsy Viseghy g ey omydlas
adm ni stered &rﬁu%&mn%i-‘atti%n%r%sgﬁ’éé{w%g?fter t he chenotherapy treatnent in

each cycle. Subfects were assigned to treatment groups using a
stratified rapdgrkpesuicomasfloghcbal Gyade! ambingC tctoefpme chenptiougry ) batdedchon

wei gh (<50 kg, > 50 kg, and <80 k or K Lor, ch t her apy
exposut o and SroERNnT SEEPPEA Rt ediRarth bl e SRR "0
subj ects wer edgaasdmuaddr ¢flickirdphils Owigeighlah §h@s i M adrdptoRthelivRd\WRbtance
tol erated doses of NEUG with the nore conparable effect to

pegfil grasti nﬁ‘fi(ffctgﬁe pi l ot phase (a 3-arm bal anced o

paral | el - r andpd £&faPh RS8R ionNEWF O b RES i_anf)fé&:L ! @%@%m%ﬂd&k%?&&@ 24

hours after the chenotherapy treatnents I n eac ycle. Subjects were
assi gned to tgrewt Mdhue/gg endok) hesir oy dassgrow 430 eglkg. dFvmtind sdtioo malf-difc is

bal ance anong_treat.nen roups. . based aon i <50 kg, 50 _apd <
Sokg. or 7. SoPRET S EOa AR AR B o daargdn S
wer e revi ewedpegfilgasstiongoi ng basis. Escal ati on of the dose from 30

t hrough 50 ng,occurs unl.ess ongoi ng review of data suggested a

saf ety co_ncer%ﬁ“ﬁt?dfmg‘@g@“éé’?%me%ﬁﬁgﬁ flescs B cl@é"g}_’%ﬁiﬂﬁh%'gmﬁ@ Tgimal
appear ed i nf efeh@h cbRchiBRioRTQL) h&d ﬁ@%ﬁoﬁ%afhﬁﬁiﬁfé)gg; “b Ip&aalirmepati ents
and 50 ng of Neugranin is safe, WO 2010/ 083434PCI7'0S2010/ 021235 t hen

an addi t i onal Pa#meteREynaRaseddl ficreasing NEY Qdaser Bojothen flofenggnalivied PEt 60
ng to pegfil gy, Lm.wWth -3l L0t cohort. 103321
Each dose Ie%ﬁ?a%#twﬁwdgt%gﬁ%g g&“ﬁ% a%?é#&?é‘%%é&?ﬁ 8(%" safety and
ef ficacy. Table 22 summari ze the patient allocation for Phase 11,
Part A and Part B.

Example 11: PHASE 11

[0311] Phase Il of the study was a controlled, randomized trial, conducted in 334 subjects
with breast cancer who received up to 4 doses of doxorubicin/docetaxel. The study, was

conducted at approximately 50 clinical sites, and consisted of a two-way randomized pilot
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Tabl e 22: Allocation of Subjects in Phase Il, Parts A and B Phase
NEUG 30 nmg NEUG 40 nmg NEUG 50 ng Pegfilgrastim6 ng Pilot 30 10 5
Pilot 40 WO 208Riskot 50 - 20 10 3- Ann Randoni zed 85p@Hushiifitab
10

phase to assess the safety and effect of subcutaneously administered NEUG versus
pegfilgrastim, followed by a main phase in which subjects were randomized to pegfilgrastim
and two, well-tolerated doses of NEUG (1:1:1) selected based on the pilot phase, The sample
size for the main phase was powered to establish non-inferiority of NEUG to pegfilgrastim
with regard to the primary endpoint, duration of sever (grade 4) neutropenia (DSN) during

chemotherapy cycle 1. The study design is shown schematically below.

TRRATRY
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1. Objectives

{0312] The primary objectives of Phase IT were to select doses of NEUG demonstrating a
comparable effect to pegfilgrastim and to assess the duration of severe neutropenia (DSN) in
cycle 1 of chemotherapy after treatment with NEUG. Secondary objectives were to assess the

DSN in cycles 2-4, to assess the time to absolute neutrophil count recovery and rates of
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105 105 110 Safety Evaluation: [0333] The safety of NEUG was
assessed by evaluation of thc type, frequency, and severity of AEs,
changes i nwolamwveads4 | aboratory tests (henatol ogy and clpaw/osdoion2123s
chem stry), immunogenicity, physical exam nations, and the nonitoring
of vital signs over tine. Al AEs and | aboratory toxicities were
graded based on the National Cancer Institute Common Ter m nol ogy
Criteri aehk ANYSRAR HEVRIMSS-4;Me 1d-AGAE ek 8P Bl da iitﬁ?h@ﬁl%@&m?éﬁcs (in
2003). [0334] Adverse events were captured fromthe 'start of study
drug adnéssleshr andiimmunpgesigiy 8OEdHy.s fol l owing the final dose of any
study drug. Serious adverse events (SAE) were captured fromthe tine
of consent t Hh.ougtPaBi@ndehasadtetistizai ng t he final dose of any study
drug. Laboratory assessnents were obtained as outlined in the

Schedul €/0813]AskePbneril, patientCoae aotctradtbatddenaly foCheimptdhemapyist{c® 385J
The chenot herapy reginmen for this trial consisted of doxorubicin 60
my/ n2 an@rﬂﬁ%tﬁ'{zaxel 75 nmg/ n2 admi ni stered sequentially by intravenous
i nfusion d 1 of treatnment for up to four 21-day cycles. [0336]
Prior tologg‘gei PloRach cycle of therapy, subjects were required to

have an absol ute neutrophil count (ANC), > 1000/ m®B and platelets >
100, 000/ B Treat MmNt Bifh disdogiabyzen trogduesbence) sshgeld dpnegse
del ayed up to two Jesksicfoo hemRt.ali 98ict: pgpt}g . A 25% dose
reducti on of chenot her a1|§y dosgs was %el g\%/e gf?ﬁlgr ade 3-4
non- hemat ol ogd.c t oXivehnsiofgge anabdegr ade 3-4 infectious epi sodes, or
grade 4 thronpocytppenia,. The use of. prophylactic antibiotics or
ot her hemat o%i et i‘%% ‘rlaot%l%m? 3%’?%&511%8@' prohi bited during trial
partici patiom. [0389¢ >Tiseoaenbi nati on of doxorubicin and docet axel
has been reported to have signifigant clinical activity in patients
with breast cancerfl2telsi vlaoroa(}%pﬁémconbi nation is highly
myel osuppr essg ve Widduktk Aic kAl @fadfin@loade 3 or 4 neutropenia than
ot her standard reginens. [03381 Even with the addition of CSFs, the
conbi nati on of- doxstubicekimiang ldocenrax binitmagndlnduced G ade 4
neut ropenia iy 799 tient.s.and febril reopenia rates of 9-18%
. Thi s doxor ubi ci rf@o 3’@@%}:{§I§I‘V1ﬁllerlg?on@ﬁfa RS eeﬁyios‘fe‘??arfﬁ@%“f‘ U es of new
agents to pre¥ent Seeuth trep@niimsan§GABSGRTPE | satppastimit hemef ore, the
conbi nati on O]:O doxok}ﬁ)i cin and dog taxel i.s.an appropriate
chenot her apy tegi ke W@Pﬂ%ﬁmf%é gd‘t'é%’f’i tgPBinew agent |ike NEUG
Doxor ubi cin  fhar rma@,@hpga:@e%woh@aggl G} QO G Iy pdetharBkafs@e 2 S
an anthracycline antibiotic obtained from streptonyces peucetius var
caesi us whi chldi ndgigdile kciersive doxpRidmbascpan p tefi Tantronbakigetens) frastian
i nhibits DNA and BNQ,synthesis, as well as protein
synt hesi s. Doxorubicin ?’?ﬂgﬁﬁh\?e I né%l | phases of the cell cycle but
maxi mal |y cyt it oxildavietheSabilfita seundexstandithorqafentdnes afithegstidy, provide written
predom nately by the liver; renal clearance is mnor. Phagnmaceutical
bata  [0340] The diiggcansi it Sasee a1 155 o dpplosusgobscargyefied
200 ng vials. Lyophkhli m_ﬂnﬁﬁ@fg%atcmﬁ@ WIBYhE Sull RRsb] froéRdred t h
sterile water for injection, dextrose 5% solution, or 0.9% saline for
i nj ecti off318; gBxaysiciict s and Toxicity [0341] Myel osuppressi on,
primarily | eukopenia, with a nadir of approxi mately 10-14 days, and
cardi ot oxi ci tl, i Mera@png paor dheamotheeapy erepiarand e bidingadivy entdiatiny i§ given
syndronme and a de | at | dose rel ated cardi onyopathy are
the dose-limti nglvﬁﬁﬁlﬁ%? %:5@3 I@%t%ﬁxor ubi cin. [0342] Marked al opeci a
and noder at e hausAaatwaimtive aghaceclex destted vioakd piéluéssd fllxdasavadatdfon
reactions producia{g@l cal ,ski%d ti ssue damage at the site of
i nadvertent ext r af&LRHIGR N U itis, hyperpigmentation of the skin
(particul arl y3t hephgi dnbedm: Anoth&s \k/‘%h'ﬁ_b@ra%ﬁeﬂm akugy tes of
rapNEmano d@ % 18 71_ ofstudy

previous irradiati on have been reported. )
chemotherapy (within 6 weeks of study chemotherapy for nitrosoureas (BCNU,
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[0347] MId to noderate liver inpairnment results in del ayed
met abol i sm by 27% and a 38% i ncrease in system c exposure (AUC).
Docet axel wohaniahsmot be given to patients with SCOT andpPoru$ehzmsi. 5

times normal limts and al kal i ne phosphatase > 2.5 times nornal
limts. Fluid retention occurred in 17% (noderate) and 6% (severe
retention) of patients in phase Ill studies despite corticosteroid

prenedi cation. SeyefgnREHEBSERSATY Synptons (paresthesia, dyesthcsia,
pai n) have been obser\)ed. 1[0 48] ))Iéxpect ed side effects include

nmyel osuppr esst-on, Cprdopaiand tyestvsuapdtareeptind t h a nadir of approxi mately
9 days with rgcovgry.by day 15-21. Al opeci nail ,and cut aneous
changes, sto 'titgg%éwﬁé3%1rngfbg}gﬁﬁ?%f%gcﬁfmﬁgigaég}i%‘}#ti ng, and

hypot ensi on hiive Oa@ihcheyeay!sths ochanmbiie an)n Do IRgetigaAstnd dpingdd, pidchiie
and Dose Modifications [03491 On day 1 of each treatnent cycle,
chenot her apy ( dox®f W85 '%@HFFJW%EQ%WZQ@PW%@WO be

adm ni stered.~, V\@g&@@%@ﬁgw&g@%@%%tg& 1 Doxor ubicin was
adm ni stered at a dose of" 60 ng/n2 by IV Dol us through the side arm
of an infusiny i nPriavedsiisn thempy withoehvesks olsnbuderatioaips (sxceptapati d
extravasation injury, ..103511 X 75 mg/ nm2 was diluted in 250 nm
0. 9% sal i ne or S%n&é&attzgggo(g]bg%%@l%%tﬁse d adm ni stered intravenously
over appr oxi nat el gridr Higitsdoseicherfoth@biy et hy hengobdio@ktérn telbiranplast .

Vital signs were ohtained i diately prior to.and after the end of
the docet axel 14 nf li&pgHe OF 6% ‘%ﬁﬁ%)c/‘tféfﬂ@&fﬁ@?l%‘h&’ith@ ouvrs gl study
hypersensitivity geachis or non-hematol ogic toxicities that
preclude further cycles of chenotherapy were to be renoved from study
treat ment and! lconBEeiedfspiteraif-anpbioGrsenbitimé? hpys Pf gudredicwatiewpy [ 0353]
Oral (TV as ngeded)..corti ce L _ dexanmet hasone 8ng BI D)
was adm ni steirazgd %%srt&?ﬁ}r‘Q&aggiréﬁs%%g?({ﬁ#gﬁyf?ocs?g?ﬁ%?dl or to docet axel

admi ni strati of8.i n Kaaharbrhin medhtmses ditlass kdwjuaielyaeaad dswsgore bi tagiotiferdplyli d
retention and hypersencfi tivity reactigns. . .03%3% The use and

sel ection of anti -EfetE LGN E “BIPN It mb’% u ?d’%FFF%%?@("@F“&. ang

ant agoni sts) was |&ﬁiolég@ca‘llg@tameiﬁfaﬁitib@ﬂ\ru%fant"sQﬁd§tér%ﬂfs.' ng physician,
Prohi bi ted Medi cations "~ [0355] Subjects were not to receive any of
the fol | owi ngtdredilermimonekiaerdl dBscagr ocedures during this study and for
the additionals ti i i) , 1 QY ] ikbiotics within
72 hours of ciys(:l erqla%%gﬁﬁfﬁg@gggﬁ }dg&y &Psﬁg&?l?xﬁ]cg—g?gg §§§?§gnal agent s

wi thin 30 dayk.of Kmwrni lastonygpfstiogics agesnst-dnged prodtdie duration of the

trial 3. Subsgque cycl es of .che her.apy shoul d not i.nitiated
It 1 24 dayslt ol 1GHTEGEEr A O ERB UG 1 Ry Ok eI gtest i,
hemat opoi eti c gr ovgrtanf,aglbp@(ﬁn@ﬁgm@fg@gmlg@ggmc antibiotics for the
duration of the trial unless prolonged or febrile neutropenia occurs.

If the subjectdis Rrp@upeigmpleras napsmsmetheraifidl femeples path gadptagtidcrus must
screeni ng period . L [ i A-Gi-bl Legcel NEUG
and will be di SCO%@?%%%a?F%%ﬁygnﬁwt%&ﬁ hdcliad £11 10y SEAR °¥§%‘g|6]
Subj ect s wer e al | oasghenopasaitiemales inhgiprachesehiediealiveatcemtd netboddf The
dai ly dose of each di cation s _maintained throu ut the stu if
bossibl e 11 for dRPEeRCs e thaa e b s ey by BHE0 A abpr pR g dosgor
subj ect required agidivtageital nedi cation(s) or change of dose, -89- WO
2010/ 083434PCT/ US2010/ 021235 the nedi catign(s), route of

adni ni strati ofY, arfdalehehe Aeeiagres o ey eligtivrraniraggaion hyeghowdhegudy
recorded. [03571 %ﬁ@lfﬁc%ﬁerﬁma?ﬁb EM'aﬂgrtﬁé}:a‘é{@osQXPﬁf@%e g;f%ht“ vity

reactions or non-hematologic toxicities that prec urther cycles
of chenot her a@fy wafmweldby¥ pobitiveamastivediepatitadP aents vatidunkeowh etid will not
fol | owup. d. Pharb@g%kfb\lneti cs [03581 All subjects receiving NEUG
wer e sanpl ed for scCr EUG concentrations during cycle 1. The drug
was det e@3esl uSiu@tavedREe el fRRZiuMRe thakasht FiMnRIewhgntasassay

81-



WO 2010/ 083434PCT/ 1 TS2010/ 021235 t he normal approxi mation for two

i ndependent groups, an estimate of 1.6 days as the w thin-treatnent
standard dewizatdmssef cycle 1 DSN, and a nmaxi mum rate ofpCcR0%mNai21235
eval uabl e for the primary endpoint of cycle 1 DSN. [03611 Efficacy
conpari son was rmade between the two sel ected NEUG doses (either 40 ny
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grastim (N = 86) 95%Cl 97.5% Cl Incidence of severe WO
2010/ 083434PCT/ US2010/ 021235 neutropenia n (% NEUG 50 ng - NEUG 40
nmg NEUG 4 - filgrastimNEUG 50 ng - Pegfilgrasti ] 89
55 (65. 5%0‘”%%131"(‘52‘81% 50 (58.19% (-7.94; 21.24) (-14. oglf’%ﬁ%?("i‘g‘im%
(-7.23; 21.90) Duration (days) of severe neutropenia n 84 84 168
86

Table 20: cGMP formulation comparison
Excipient
Formulation Phase 1 Phase 1I
Attribute formulation formulation Rationale for change
Sodium Phosphate 10 mM 20 mM Higher Lonic strongth reduces .
concentration dependent aggregation
Mannitol 200 mM 180 mM Rcdu.ccd to provide iso-osmotic
solution
60 mM vl
Trehalose dihydrate 60 mM Unchanged—acts as robust cryo/lyo
protectant.
Polysorbate 80 0.01% 0.01% Unchangcd—nﬂubﬂs no_nspcmﬁc
aggregation and adsorption
pH 72 6.0 Lower pH reduces ffoncentratmn
dependent aggregation

[0321] The formulation used in Phase I was quite stable, with a shelf-life of at least 2 years.
Studies demonstrated that higher ionic strength and lower pH further stabilized the API at
higher concentration (> 25 mg/mL) (data not shown). To this end, the Phase II formulation
has a lower pH (6.0 vs 7.2) and higher phosphate concentration (20 vs. 10 mM). Forced
degradation studies demonstrate that this formulation protects the drug substance in the liquid
state from vigorous shaking, repeated freeze-thawing, and concentration induced aggregation.
Freeze drying of the Phase II formulation also produces well-formed cakes.

[0322] Commercially available Neulasta® (pegfilgrastim) is supplied in 0.6 ml prefilled
syringes for subcutaneous injection. Each syringe contains 6 mg pegfilgrastim (based on
protein weight), in a sterile, clear, colorless, preservative-free solution (pH 4.0) containing
acetate (0.35 mg), sorbitol (30.0 mg), polysorbate 20 (0.02 mg), sodium (0.102 mg) in water
for injection. USP,

[0323] NEUG (30, 40, 50, or 60 mg) or Neulasta® (pegfilgrastim) (6 mg) was administered

by subcutaneous administration.

Dose Rationale
[0324] The data from Phasc I demonstrated that doses of NEUG of 300 and 450 ug/kg were

safe and well tolerated. Moreover, compared to the approved fixed doses of pegfilgrastim,

both doses of NEUG resulted in similar effects on ANC profiles in breast cancer patients
receiving cytotoxic chemotherapy. The AUC for the ANC profiles serves as a single-point

measure of effect. There was no statistically significant difference among these treatment
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groups in terms of AUC axc, however, the AUC for the 450 ug/kg group is slightly higher
than that observed for the 300 pug/kg group and nearly identical to that observed for the
pegfilgrastim group (FIG. 30). Based on available data, it was estimated that 300 ug/ke
NEUG was less effective than pegfilgrastim and 450 pg/kg approximates & minimum
necessary dose to provide equivalent effect to pegfilgrastim.

[0325] The intent of a fixed dose is to identify doses that will provide patients wit a dose
sufficient to provide efficacy and safety regardless of patient weight. Based o the results of
Phase ], it as estimated that 450 pg/kg NEUG may be a minimum dose necessary to provide
similar effect as pegfilgrastim, and > 300 png/kg was set as the minimum dose for further
cvaluation in Phase II. To select fixed doses of NEUG, the patient population (breast cancer)
for Phase II was modeled. Using 40-100 kg weight range, a 30 mg fixed dose provides the
heaviest patient with a minimum dose (300 pg/kg or 0.3 mg/kg), while approximately 75% of
patients receive at least the target dose, 450 mg/kg, at a fixed dose of 40 mg, Thus, the doses
selected for evaluation in Phase 11 were 30 mg, 40 mg and 50 mg. These provide an average
70 kg patient with 0.42, 0.57 and 0.71 mg/kg doses, respectively.

[0326] The equivalent dose per kilogram based on the fixed doses evaluated in this trial is
provided in Table 21.

Table 21: Equivalent dose per kilogram for the anticipated subject

weight range

S50kg | 60kg 70 kg 80 kg 20 kg 100 kg
30 mg 0.600 | 0.500 0.429 0.375 0.333 0.300
40 mg 0.800 | 0.667 0.571 0.500 0.444 0.400
50 mg 1.000 |0.833 0.714 0.625 0.556 0.500
60 mg 1.200 | 1.000 0.857 0.750 0.666 0.600

[0327] The nonclinical safety for NEUG provides additional support for the expectation of
safety at these doses. Exposure in patients at these fixed doses (AUC and Cmax) is expected
to be fower than exposure at well tolerated doses in monkeys. For example, Cmax and AUC
in the monkey at the well-tolerated dose of 1 mg/kg was 12-fold higher than exposure in

patients at 0.45 mg/kg suggesting a further margin of safety exists for higher dose evaluation
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in patients and in a repeat-dose toxicology study in monkey, doses up to and including 10
mg/kg were well tolerated. Doses of pegfilgrastim as high as 0.3 mg/kg have been

demonstrated to be safe in patients.

4, Studv characteristics

a, Study Schedule and Duration
[0328] This study was a controlled, randomized trial conducted in approximately 330
subjects with breast cancer scheduled to receive up to 4 doses of doxorubicin/docetaxel. The
study, which was conducted at approximately 45 clinical sites, consisted of two phases, a
pilot phase and a main phase.
[0329] The pilot phase, Part A, consisted of a two-way randomized study to assess the
safety and effect of NEUG versus pegfilgrastim, with sequential enroliment to the following
doses: NEUG 30 mg (N=10) vs. pegfilgrastim (N=5); NEUG 40 mg (N=20) vs. pegfilgrastim
(N=10), and NEUG 50 mg (N=20) vs. pegfilgrastim (N==10). In a further study, NEUG 60
mg (N=20} vs. pegfilgrastim (N=10) could also be tested. In the Part A pilot phase, subjects
were randomized in a 2:1 ratio of NEUG to pegfilgrastim with a total of 10 subjects in the 30
mg cohort and 20 subjects for each of the other cohorts. NEUG or pegfilgrastim was
administered to subjects 24 hours after the chemotherapy treatment in each cycle. Subjects
were assigned to treatment groups using a stratified randomization for balance among
treatment groups based on weigh (<50 kg, > 50 kg and < 80 kg, or > 80 kg), prior
chemotherapy exposure and global location.
[0330] Following the pilot phase, 255 subjects were randomized (1:1:1) to pegfilgrastim
and the two well tolerated doses of NEUG with the more comparable effect to pegfilgrastim
in the pilot phase (a 3-arm, balanced parallel-randomized phase). NEUG or pegfilgrastim
was administered 24 hours after the chemotherapy treatments in cach cycle. Subjects were
assigned to freatment groups using a stratified randomization for balance among treatment
groups based on weight (<50 kg, > 50 kg and < 80kg, or >80 kg).
[0331] During the pilot phase, adverse events were reviewed on an ongoing basis.
Escalation of the dose from 30 through 50 mg occurs unless the ongoing review of data
suggested a safety concern. If the Cycle I ANC profile for Neugranin at 40 mg appeared

inferior to the profile observed from pegfilgrastim patients and 50 mg of Neugranin is safe,
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then an additional arm may be randomized in a 2:] ratio of Neugranin at 60 mg to
pegfilgrastim with a total of 30 patients in the cohort.

[0332] Each dose level of NEUG is compared to pegfilgrastim for safety and efficacy.
Table 22 summarize the patient allocation for Phase 11, Part A and Part B.

Table 22: Allocation of Subjects in Phase IT, Parts A and B

Phase NEUG NEUG NEUG Pegfilgrastim
30 mg 40 mg 50 mg 6 mg

Pilot 30 10 - - 5

Pilot 40 - 20 - 10

Pilot 50 - - 20 10

S-Arm ) = 3

Randomized 85 83 83

Total 10 105 103 £o

Safety Evaluation:

[0333] The safety of NEUG was assesscd by evaluation of the type, frequency, and severity
of AEs, changes in clinical laboratory tests (hematology and clinical chemistry),
immunogenicity, physical examinations, and the monitoring of vital signs over time. All AEs
and laboratory toxicitics were graded based on the National Cancer Institutc Common
Terminology Criteria for Adverse Events (NCI-CTCAE Version 3.0, 12 December 2003).
[0334] Adverse events were captured from the start of study drug administration through 30
days following the final dose of any study drug. Serious adverse events (SAE) were captured
from the time of consent through 30 days following the final dose of any study drug.

Laboratory assessments were obtained as outlined in the Schedule of Assessments.

c. Concomitant therapy

Chemotherapy

[0335] The chemotherapy regimen for this trial consisted of doxorubicin 60 mg/m?® and
docetaxel 75 mg/m* administered sequentially by intravenous infusion on day 1 of treatment
for up to four 21-day cycles.

[0336] Prior to receiving each cycle of therapy, subjects were required to have an absolute

neutrophil count (ANC) > 1000/mm” and platelets > 100,000/mm”>. Treatment could be
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Baseline Ns eight (kg) _40-62 63-71 72-80 81-127 Pegfil grasti m Mean

(SD) 1. 18ndtsgpmpligations. fHherefore, the combination of doxorubicin and docetaxel is an

appropriate chemotherapy regimen to study the potential of a new agent like NEUG.

Deoxorubicin

Pharmacalogic Data

[0339] Doxorubicin hydrochloride is an anthracycline antibiotic obtained from
streptomyces peucetius var caesius which binds directly to DNA base pairs (intercalates) and
inhibits DNA and DNA-dependent RNA synthesis, as well as protein synthesis. Doxorubicin
is active in all phases of the cell cycle but maximally cytotoxic in S phase. Excretion of the

drug is predominately by the liver; renal clearance is minor.

Pharmaceutical Data

[0340] The drug is marketed commercially in 10, 20 50, 100 or 200 mg vials, Lyophilized
preparations may be reconstituted with sterile water for injection, dextrose 5% solution, or

0.9% saline for injection.

Side Effects and Toxicity

[0341] Myeclosuppression, primarily leukopenta, with a nadir of approximately 10-14 days,
and cardiotoxicity, including a rare, acute pericarditis-myocarditis syndrome and a delayed,
cumulative dose related cardiomyopathy are the dose-limiting toxicities of doxorubicin.
[0342] Marked alopecia and moderate nausea/vomiting are expected toxicities.
Extravasation reactions producing local skin and tissue damage at the site of inadvertent
extravasation, stomatitis, hyperpigmentation of the skin (particularly the nailbeds), and a
“recall” phepomenon at sites of previous irradiation have been reported.
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Docetaxel

Pharmacologic Data

{0343] Docetaxel is a semisynthetic taxoid that binds to free tubulin and promotes assembly
of stable microtubules, interfering with mitosis and cell replication (cell cycle specific for M
phase). Docetaxel is extensively protein-bound, extensively metabolized in the liver, with

fecal excretion of approximately 75% of the dose within 7 days.

Pharmaceutical Data
[0344] Docetaxel (Taxotere™, Sanofi Aventis) is provided in 80mg/2 mL or 20 mg/0.5 ml

single-dose vials with an accompanying diluent (13% ethanol in Water for Injection) vial,

Each ml of Taxotere contains 40 mg of docetaxel (anhydrous) and 1080 mg polysorbate 80.

Side Effects and Toxicity

[0345] Docetaxel should not be given to patients who have a history of severe
hypersensitivity reactions to docetaxel or other drugs formulated with polysorbate 80 such as
ctoposide and vitamin E.

[0346] Patients who experience severe hypersensitivity reactions should not be
rechallenged. All patients receiving docetaxel should be premedicated with corticosteroids as

outlined below.

[0347] Mild to moderate liver impairment results in delayed metabolism by 27% and a 38%
increase in systemic exposure (AUC). Docetaxel should not be given to patients with SGOT
and/or SGPT > 1.5 times normat limits and alkalinc phosphatase > 2.5 times normal limits.
Fluid retention occurred in 17% (moderate) and 6% (severe retention) of patients in phase 111
studics despite corticosteroid premedication. Severe neuroscnsory symptoms (paresthesia,
dyesthesia, pain) have been observed.

[0348] Expected side effects include myelosuppression, primarily leukopenia, with a nadir
of approximately 9 days with recovery by day 15-21. Alopecia, nail and cutanecous changes,

stomatitis, myalgia/arthralgia, nausea/vomiting, and hypotension have been reported.

Chemotherapy Dosage, Administration and Dose Modifications

[0349] On day 1 of each treatment cycle, chemotherapy (doxorubicin followed by

docetaxel) was to be administered.
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Vital signs were obtained immediately prior to and after the end of the docetaxel infusion.
[0352] Subjects experiencing severe hypersensitivity reactions or non-hematologic
toxicifies that preclude further cycles of chemotherapy were to be removed from study

treatment and complete follow-up.

Chemotherapy Pre-medication

[0353] Oral (IV as needed) corticosteroids (such as dexamethasone 8mg BID) was
administered for three days starting 1 day prior to docetaxel administration in order to reduce
the incidence and severity of fluid retention and hypersensitivity reactions.

[0354] The use and selection of anti-emetic agents or other pre-medications {(e.g. H;

antagonists) was left to the discretion of the treating physician,

Prohibited Medications

[0355] Subjects were not to receive any of the following medications and or procedures

during this study and for the additional times specified below:

L. Systemic antibiotics within 72 hours of cycle 1 chemotherapy.

2. Other investigational agents within 30 days of initiating study agent and for
the duration of the trial

3. Subsequent cycles of chemotherapy should not be initiated until 14 days
following dosing with NEUG.

4, Cytokincs, other hematopoictic growth factors and prophylactic antibiotics for
the duration of the trial unless prolonged or febrile neutropenia occurs. If the
subject is treated with G-CSF at any time between the screening period and
Day 0 they will not be eligible to receive NEUG and will be discontinued from
the study.

Allowed Medications

[0356] Subjects were allowed to continue their baseline medications(s). The daily dose of
each medication was maintained throughout the study if possible. If for any reason deemed
necessary by the investigator, a subject required additional medication{s) or change of dose,
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[03761 There were no significant differences between eatnents

or duration of sever neutropenia in cycles 2-4 (Table 26). Table 26:

Mean durat] ere neutropenia in cycles 2-4 Treat _ e 2
Cycle 3 Q/Jévfe’erhoﬁtﬂmgﬁgrani n 40 ng 0.5 0.4 0.4 Neugranin 5 %57(%\.{@(;262.38
0.6 Pegfilgrastim0.5 0.4 0.6 WD 2010/ 083434PCT/ US2010/ 021235 (03771
The nean tinme to ANC recovery (>1.5 x 109/L) was 2.0, 2.1, and 2.6
days for the Neugranin 40 ng, NEUG 50 ng, and pegfilgrasti m groups,
respect i FeMpdrcFadn(®, wpje of pministiEp® ane the igdirstiondpr Which ftevas givss was be
bet ween treatirent groups for the depth of ANC nadir or tine to nadir.
Tabl e 27: ANC nadir, time to ANC nadir and tinme to recovery

Neugr ani W35Rar SuhgtctrexpriangingGevige Wy pershlewigvityRegitiohs or non-hematologic

toxicities that preclude further cycles of chemotherapy were removed from study treatment

and completed follow-up.

d. Pharmacokinetics
[0358]  All subjects receiving NEUG were sampled for serum NEUG concentrations during
cycle 1. The drug was detected using a sandwich enzyme-linked immunosorbent assay
(ELISA) specific for NEUG. The serum drug concentration—time data was subjected to PK
analysis using WinNonlin Enterprise Edition, Version 5.0 or higher, using noncompartmental
or model-based analysis. The following PK parameters were determined: area under the
curve (AUCq.), clearance (CL/F), volume of distribution (Vz/F), maximum concentration
(Cmax), absorption half-life (t1/2, abs), elimination half-life (t1/2, elim), and mean residence
time (MRT).

e. Immunogenicity
[0359] Serum samples for antibodics to NEUG were obtained prior to desing on Day 1 of
every NEUG cycle and at the end of treatment visit (approximately 30 days after the last
dose) in subjects receiving NEUG. If at any time during the study a subject developed a
positive anti-NEUG antibody response, a repeat sample was obtained approximately 6
months after the final NEUG dose; if this sample was positive, a sample was obtained at 12
months. The protocol was later amended to require 6 and 12 month immunogenicity samples

from all subjects.

5. Results
a. general
Statistical Methods

[0360] The sample size of about 85 subjects per arm in the main phase of this trial (Part B)
was chosen to provide 91% power to establish non-inferiority of NEUG to pegfilgrastim with
regard to the primary endpoint of mean duration of severe neutropenia (DSN) in cycle 1, with
a non-inferiority margin of 1 day and an overall 1-sided significance level adjusted for

multiple testing (by the Hochberg method) of 0.025. Sample sizes were calculated based on
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the normal approximation for two independent groups, an estimate of 1.6 days as the within-
ireatment standard deviation of cycle 1 DSN, and a maximum rate of 20% not evaluable for
the primary endpoint of cycle 1 DSN.

[0361] Efficacy comparison was made between the two selected NEUG doses (either 40 mg
and 50 mg) and pegfilgrastim, based on subjects in the 3-arm randomized phase (Part A).
[0362] Secondary efficacy analyses include the DSN in each of chemotherapy cycles 2
through 4, depth of ANC nadir in each of the cycles 1 through 4, rates of FN (defined as
ANC < 0.5 x 10°/L with coincidental oral equivalent temperature > 38.2°C) by cycle and
across all cycles, and times to ANC recovery to >1.5 x 10°/L in all cycles.

[0363] The data related to secondary efficacy analysis was analyzed using appropriate
statistical methods. Safety, PK, and immunogenicity parameters were analyzed by

descriptive statistical methods,

[0364] For frequency and severity of adverse events, and for laboratory toxicity grading,

counts and rates arc presented.

Efficacv Measures

[0365] Complete blood counts (“CBC”) were obtained on day 1, 3 and daily from day 5
until ANC > 2.0 x 10°/L after the nadir, then twice weekly, and at the end of treatment,

b. Efficacy of Phase II, Part A
[0366] Of the 78 subjects enrolled in the pilot phase of the study, 13 subjects did not
complete the study, 3 (27.3%) treated with NEUG 30 mg, 3 (14.3%) treated with NEUG 40
mg, 3 (15.0%) treated with NEUG 50 mg, and 4 (15.4%) treated with pegfilgrastim. The
most frequent reasons for early discontinuation were withdrawal of consent (7 subjects) and
decision of the investigator (3 subjects). One NEUG 30 mg subject was withdrawn due to an
adverse event (diabetic foot).
[0367] The incidence of sever neutropenia and the mean duration of severe neutropenia
(DSN) were similar across treatment groups in each chemotherapy cycle; however, the time
to ANC recovery and the incidence of febrile neutropenia suggested that NEUG 30 mg was
not quite as effective as NEUG 40 mg, NEUG 50 mg, or pegfilgrastim.
[0368] Durmg Cycle 1, the proportion of subjects experiencing febrile neutropenia was
20.0%, 9.5%, 10.0% and 8.0% for the NEUG 30 mg, 40 mg, 50 mg and pegfilgrastim group,
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respectively. Febrile neutropenia was observed for only three additional subjects during
Cycles 2-4, one each in the NEUG 30 mg, NEUG 40 mg and pegfilgrastim groups. FIG. 5
shows the ANC profile of a subset of patients receiving either NEUG 30 or pegfilgrastim and
who later presented with grade 4 neutropenia.

[0369] In Cycle 1, the mean DSN was similar for NEUG 30 mg (0.9 days), NEUG 50 mg
(1.1 days), and pegfilgrastim (0.9 days). Although the mean DSN was slightly longer for
NEUG 40 mg (1.6 days) than the other three treatments, the differences among treatments
were all less than 1 day, the criterion to consider the treatments equivalent in the main phase,
The median DSN was 0 or I day in all four treatment groups.

[0370] Summary statistics for the incidence and duration of Grade 3 or 4 neutropenia
followed a similar pattern, i.e., the NEUG 30 mg, NEUG 50 mg, and pegfilgrastim groups
had similar outcomes, while the incidence and duration of Grade 3 or 4 neutropenia were
slightly higher for the NEUG 40 mg group than for the other treatment groups. The number
of subjects in the pilot phase (Part A) was fairly small, and the observed differences were not
statistically significant. NEUG 40 mg and NEUG 30 mg were selected for further evaluation
in Part B, the 3-arm randomized phase of the study.

c. Efficacy of Phase I, Part B

[0371] Of the 256 subjects enrolled in the main phase of the study, 18 subjects did not
complete the study; 10 (11.6%) treated with NEUG 40 mg, 5 (6.0%) treated with NEUG 50
mg, and 3 (3.5%) treated with pegfilgrastim. The most frequent reasons for carly
discontinuation were withdrawal of consent (7 subjects) and AEs (4 subjects), including 2
deaths. The investigator considered all of these AEs to be not related to study medication or
chemotherapy. In the main phase, 1 (1.2%) NEUG 40 mg subject was withdrawn before
being treated with study drug.

[0372] The mcidence and duration of sever neutropenia in Cycle 1 are summarized in
Table 23.

Table 23: Phase 11, Part B: Incidence and duration of severe neutropenia in Cycle 1

Neugranin
40 mg S50 mg | AllNeug. | Pegfil- 95% CI
{(N=85) | (N=84) | (N=169) | grastim 97.5% CY

{N =86)

Incidence of severe
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0.610 Mean (SD) 604 (1.38) 6.7 (2.62) 6.5 (2.09) 6.5 (2.05)  Median

6 6 66
recover

M nt Max 5/18 5/ 20 5/20 4/ 17 Time ((lays to ANC
> WO 2016/083434 PCT/US2010/021235
neutropenia 50 55 105 50
n (%) (58.8%) | (65.5%) | (62.1%) | (58.1%)
NEUG 50 mg - NEUG 40 mg (-7.94; 21.24)
NEUG 40 mg - Pegfilgrastim (-14.09; 15.45)
NEUG 50 mg - Pegfilgrastim (-7.23; 21.90)
Duration (days) of severe
peutropenia
n 84 84 168 86
Mean (SD) 1.0(1.09) | 1.3(1.22) | 1.2(1.16) | 1.2(1.34)
Median 1 1 1 1
Min/Max 0/4 0/5 0/5 0/5
95% CI
NEUG 50 mg - NEUG 40 mg (-0.07; 0.58)
NEUG 40 mg - Pegfilgrastim (-0.57; 0.15)
NEUG 50 mg - Pegfilgrastim (-0.31; 0.41)
97.5% C1
NEUG 50 mg - NEUG 40 mg {(-0.12; 0.63)
NEUG 40 mg - Pegfilgrastim (-0.62; 0.21)
NEUG 50 mg - Pegfilgrastim {(-0.37; 0.46)

[0373] The incidence of severe neutropenia ranged from 58.1% in the pegfilgrastim group
to 65.5% in the NEUG 50 mg group. The treatment effect was not statistically significant
(p=0.559). The treatment groups were comparable for Cycle 1 DSN, with mean values of
1.0, 1.3, and 1.2 days for the NEUG 40 mg, NEUG 50 mg, and pegfilgrastim groups,
respectively. The 95% and 97.5% two-sided confidence intervals for differences between
NEUG and pegfilgrastim were strictly less than I day for both NEUG doses. This analysis
established non-inferiority of NEUG to pegfilgrastim. Across treatment cycles, the
incidences of severe neutropenia and Grade 3 or 4 neutropenia were lower in Cycles 2 — 4
than in Cycle 1. The mean DSN and mean duration of Grade 3 or 4 neutropenia were smaller
in Cycles 2-4 than in Cycle 1. Within treatment cycles, the treatments were similar, and
treatment effect was not significantly different for any of these parameters in any
chemotherapy cycle,

[0374] The DSN were compared in patients grouped into weight quartiles to determing if
the fixed doses of NEUG provided adequate support for patients of all weights. These results
show that all weight groups were adequately supported, as there is no significant difference in

the mean DSN among weight subgroups (Table 24).
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TABLE 24: Cycle 1 duration of sever neutropenia (in days), by weight

Baseline weight (kg)

40-62 63-71 72-80 81-127
Pegfilgrastim | Mean (SD) 1.1(1.3) 1.3(1.4) 1.5 (1.6) 1.0 (1.0)
6 mg N 16 21 26 23
Neugranin Mean 1.0 (1.0) 1.0 (1.2) 0.9 (1.0) 14 (1.4)
40 mg (SD) 22 21 21 21
N
Neugranin Mecan (SD) 1.3(1.1) 1.0(1.4) 1.4 (1.3) 15(1.1)
50 mg N 15 26 20 23
[0375] Febrile neutropenia is summarized for all cycles in Table 25. During Cycle 1, the

proportion of subjects experiencing febrile neutropenia was 2 subjects (3.5%), 5 subjects
(6.0%), and 2 subjects (2.3%) in the NEUG 40 mg, NEUG 50 mg, and pegfilgrastim groups,

respectively. Febrile neutropenia was observed for only three additional subjects during

Cycles 2-4, 2 subjects in the NEUG 40 mg group and 1 subject in the pegfilgrastim group.

The treatment effect was not statistically significant in any chemotherapy cycle.

Table 25: Incidence of febrile neutropenia in cycles 1-4

Treatment Overali Cycle 1 Cycle 2 Cycle 3 Cycle 4
Neugranin 40 4.7% (4/85) | 3.5% 0.0% 2.4% 0.0%
mg

Neugranin 50 6.0% (5/85) | 6.0% 0.0% 0.0% 0.0%
mg

Pegfilgrastim 3.5% (3/86) | 2.3% 0.0% 0.0% 1.2%

[0376] There were no significant differences between treatments for duration of sever

neutropenia in cycles 2-4 (Table 26).

Table 26: Mean duration of severe neutropenia in cycles 2-4

Treatment Cycle 2 Cycle 3 Cycle 4
Neugranin 40 mg 0.5 0.4 0.4
Neugranin 50 mg 0.4 0.5 0.6
Pegfilgrastim 0.5 0.4 0.6

-94-




Treat ment conpari sons
NEUG 40 ng -

Mn/Max 1/6 1/6 1/6 1/6 NEUG 50 ng -
(-0

.31;0.39) NEUG 40 ng

WO 2010/083434 PCT/US2010/021235

(0377]
Neugranin 40 mg, NEUG 50 mg, and pegfilgrastim groups, respectively (Table 27). There

The mean time to ANC recovery (>1.5 x 109/L) was 2.0, 2.1, and 2.6 days for the

were no significant differences between treatment groups for the depth of ANC nadir or time

to nadir.
Table 27: ANC nadir, time to ANC nadir and time to recovery
Neugranin
Parameter 40 mg 50 mg All Neug. | Pegfil- 95% CI p-value
(N=85) (N = 84) N =169) grastim
(N = 86)
Nadir ANC
(10°/L)
n 85 84 169 86 0.423
Mean (SD) 0.7(0.88) |0.6(0.68) | 0.6(0.79) |0.7(1.04)
Median 0 0 0 0
Min/Max 0/5 0/3 0/5 077
Time (days) to
Nadir ANC
n 85 84 169 86 0.610
Mean (SD) 604 (1.38) | 6.7 (2.62) | 6.5(2.09) | 6.5(2.05)
Median 6 6 ) 6
Min/Max 5/18 5/20 5/20 4/17
Time (days to
ANC recover >
1500 0.005
N 71 73 144 72
Mean (SD) 200094y [21(1.03 |2.0(098) |26(1.23)
Median 2 2 2 2
Min/Max 1/6 1/6 1/6 1/6
Treatment
comparisons
NEUG 50 mg - (-0.31;0.39)
NEUG 40 mg
NEUG 40 mg ~ (-0.88;-0.17)
Pegfilgrastim
NEUG 50 mg - (-0.84; -0.13)
Pegfilgrastim

d.

Pharmacokinetics of Phase I1, part B
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(-0.88;-0.17) Pegfilgrastim NEUG 50 ng - (-0.84; -0.13)
Pegfilgrastim d. Phar macoki neti cs of Phase Il, part B WO
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Cycle 1 Pmarabﬂmﬁm emLéattc{mmmmmmﬁtxﬁﬂ@ldkx;odﬁlh?techhiquemwiggﬁz Parehtich
of Phase ~Athe median el i mnat i alf-life_o Was. ours in
the 30 nf oab OB BeR e itheo oy iraan uripe § o oBrb B oTIRG 8 et <
i n the S@imgaiastedoopprthd@ih®icl 8VoddlidgRak befornich & ite@imNbneh PR Batdnen
hal f-1ife of NEUG was 40 _hours for 40 ng dose group, and 39 hours for

the 50 ngyCEs¥e-GlbuyraBils cgeentraipphiyererstepained m chprotharapl iGyglevids

o |16 B e ) S BB, g B i

el i m nat hahlifealfNAUG evab§3 howatmbaB) mBhiwsegriolp, BdotirsAn tIAIGSBosegroup,
and 18 hours in the 50 mg dose group (Table 28). In Part B, the median elimination half-life
of NEUG was 40 hours for 40 mg dose group, and 39 hours for the 50 mg dose group (Table
29). During the Part A, PK sampling was more frequent (pre-dose, 3h, 6h, 12h, 24h Day 3,
Day 5-9, Day 11) than for Part B (pre-dose, Day 3, Day 5-8).

Table 28: Median elimination half-life by treatment, Phase II, Part A

NEUG NEUG NEUG Pegfilgrastim
30 mg 40 mg 50 mg 6 mg
Number of subjects 10 20 20 26
Number of subjects evaluated | 3 12 16 19
for elimination half-life
Median half-life (hr) 33 46 18 40
Table 29: Median elimination half-life by treatment, Phase II, Part B
NEUG NEUG Pegfilgrastim
40 mg 50 mg 6 mg
Number of subjects 85 84 84
Number of subjects evaluated for | 48 54 52
elimination half-life
Median half-life (hr) 40 39 50
[0379] Serum pegfilgrastim concentrations were determined using a validated sandwich

ELISA in chemotherapy Cycle 1 in all subjects treated with pegfilgrastim in Phase II. In Part

A, the median elimination half-life of pegfilgrastim was about 40 hours. In Part B, the

median elimination half-life of pegfilgrastim was about 50 hours. The elimination half-life is

reported to be 3-4 hours for filgrastim and 42-67.5 hours (depending on dose) for

pegfilgrastim.
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NEUG 40 mg NE LI G 50 ng Pegfilgrastim6 ng Nunber of subjects 10 20
20 26 Nunber of subjects evaluated for elimnation half-life 3 12 16

19 Medi an | f-1ife (hr) 33 46 18 40 Table 29: Median e|in nation_
hal f-life \%@W’é@%ﬁént, Phase I, Part B NEUG 40 ng NEté;”g 021235
Pegfilgrastim6 ma ri Nunber of subjects 85 84 84 Nunmber of subjects
eval uated for elimnation half-life 48

e. Immunogenicity
[0380] Among the study participants, there was one confirmed anti-G-CSF/neoepitope
antibody response in the Neugranin-treated subjects and one anti-G-CSF response in the
pegfilgrastim-treated group, or 0.5% and 0.9%, respectively (Table 30). In both cases, the

subjects had elevated non-specific binding in pre-dose samples.

Table 30: Summary of G-CSF specific treatment emergent immune responses to
NEUG and Pegfilgrastim
NEUG Pegfilgrastim
Positive response/ number Positive response/number
of subjects of subjects
Phase II, Part A 0/50 0/26
(4 cycles maximum)
Phase IT, Part B 1/169 1/86
{4 cycles maximum)
Total number of subjccts 1/219 1/112

[0381] After NEUG treatment, very low levels of confirmed positive antibodies were seen
in the patient, with no apparent increase in the magnitude of the response after repeated doses
(data not shown). In the pegfilgrastim-treated patient, an unusually high non-specific
background binding was observed; however, only a transient confirmed antibody response
was seen after Cycle 2 treatment (data not shown). No antibody response was neutralizing.
[0382] Anti-HSA antibodies were naturally occurring at a low level in this population, with
6.9% of the subjects testing positive for HSA antibodies in the pre-dose evaluation.
Treatment emergent anti-HSA antibodies were observed in four NEUG-treated subjects,
1.8% (Table 31). All responses were transient and weak. Threc responses emerged after the
first treatment cycle and were undetectable after Cycles 2, 3 and 4. One response occurred
after the third treatment but was undetectable at the 30 day follow-up after the 4th treatment

(data not shown).

Table 31: Summary of HSA-specific treatment emergent immune
responses to NEUG

NEUG
Positive response/ number of subjects
Phase 11, Part A 0/50
(4 cycles maximuom)
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pegfilgrastim) died during the study, and 6 - 8 subjects in cach treatment group expericnced

at least one SAE. No deaths or SAEs were considered to be related to study medication.
[0384] The total number of TEAES was similar across treatment groups in Part A, when
sample size is taken into consideration for the NEUG 30 mg dose, and in Part B. In both
Parts A and B, the percent of TEAEs with CTC Grade 3 or higher was similar for NEUG and

pegfilgrastim as was the percent of TEAES related to study medication.

g. Dose response
[0385] The results of Phase 11 demonstrated that both 40 and 50 mg fixed doses of NEUG
provided equivalent safety and efficacy to 6 mg of pegfilgrastim in breast cancer subjects
treated with myelotoxic chemotherapy. While the mean DSN for the 40 mg treatment group
was slightly lower than the mean DSN of the 50 mg group, these differences were not
statistically significant. A dose response was observed for AUCanc (Days 0-15 in cycle 1)

both when weight-adjusted dose was considered and for fixed dose cohorts (FIG. 24). The
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Tonicifier (g.s. to isotonic) H6ON 25 nM L-Histidine 6.0 NaCl H6OS 25
rnM L-Hi stidine 6.0 Sorbitol H55N 25 mM L-Hi stidine 5.5 NaCl H55S 25
mM L-Hi stigi orbitol C55N 25 mMcitrate 5.5 NaCl

citrate 5.@'@@?‘%18?3? C5ON 25 mM citrate 5.0 NaCl WO pETSho 2T
2010/ 083434PCT/ US2010/ 021235 C50S

C508 25 mM citrate 5.0 Sorbitol
C45N 25 mM citrate 4.5 NaCl
C458 25 mM citrate 4.5 Sorbitol
A45N 25 mM acetate 4.5 Na(l
A45S 235 mM acctate 4.5 Sorbitol
A40N 25 mM acetate 4.0 NaCl
A40S 25 mM acetate 4.0 Sorbitol

[0388] It will be apparent to those skilled in the art that various modifications and
variations can be made in the methods and compositions of the present invention without
departing from the spirit or scope of the invention. Thus, it is intended that the present
invention cover the modifications and variations of this invention provided they come within

the scope of the appended claims and their equivalents.
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i nvent iSO endenst siiayletaredadipt land at lnest seoplarprcautisalhpireriiatle chuicns

compost i s ErEbRisn LR RBI Tarb el R B bbb BERTGF B £

col ony re¢dniBih@it hoghah ablualin-hamen gfanliBage conay phauREee tctdrad batween 30 and
acceptabl e carrier, wherein the conposition has a pH of between 4 and

6.4, whePensimiped yhareEnbe MANGMCHP PREYSHSPIEPR o hifirassombinat hunamelhumin-
ar anu! i agl %%lﬁ%%é&dlﬁrsﬁl ﬁ%infgafg#t&r déc?eapfstbﬁﬁg& Rh %%ﬁ%ﬁ%&:ﬂfﬁf%@% a?nd

wher ei n ric y 1nZsolution o € reconbi nan
al bum r25hanfon 2¢ghaontsl ocyt e col ony stinul ating factor decreases by |ess

than 5% after incubation at 25C. for 24 hours.

2. The pharmaceutical composition of claim 1 wherein the composition has a pH of about 6.0.

3. The pharmaceutical composition of claim 1 wherein the concentration of recombinant

human albumin-human granulocyte colony stimulating factor is about 50 mg/ml.

4. The pharmaceutical composition of claim 1 comprising at least one pharmaceutically

acceptable salt.

5. The pharmaceutical composition of claim 4 wherein the concentration of salt is between

about 5 and about 50 mM.

6. The pharmaceutical composition of claim 1 comprising a pharmaceutically acceptable

buffer.

7. The pharmaceutical composition of claim 6 wherein the concentration of buffer is between

about 15 and about 50 mM.

8. The pharmaceutical composition of claim 6 wherein the concentration of buffer is about 20

mM.
9. The pharmaceutical composition of claim 6 wherein the buffer is a phosphate or a citrate.

10. The pharmaceutical composition of claim 9 wherein the buffer is sodium phosphate.
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2. The pharmaceutical conposition of claim1 wherein the conposition
has a pH of about 6.0. 3. The pharnmaceutical conposition of claim1l
wherein the concentration of reconbinant human al bum n- human

gr anul ddytee praaseusicalrpgmpobiign pheleior 19 srhaisouthe boffagyomprisegisodivme

phar ma hcal i.tion of i gonprising at |east one

phar rra%gg%éh%%m%%%%éﬁ% %‘b‘ﬂ"‘e‘% g %p%a@éba%ﬁé phar maceutical conposition
of claim4 wherein the concentration of salt is between about 5 and
about 50 M 6. The pharnmaceutical conposition of claim21 conprising
a phar rige &g paampseusicdlcopmppidongf elaym 1 comprsiag piiserfadeing sailizer.
conposition of claim®6 wherein the concentration of buffer is between
about 15 and about 50 mM 8. The pharnmaceutical conposition of claim
6 wher di3anThéipharmacsinitdlabinposiabn biitlhet 12 s/hakithe ZerdMiryind; stabligzer

phar maceuti cal conposjtion of claim6 wherein the buffer is a
phosphé’P@PGFeSa‘reg‘?W%El@ydrf@- The pharmaceutical conposition of claim?9
wherein the buffer is sodi um phosphate. - 101 - 11. The
pharmaceutical conposition of claim 10 wherein the buffer conprises
sodi um lghtbpplzrmacamofiashpositios oficlaim phodpteat thedbhaairetion dfarehiloee

phar macgutical co ition of claim1l1 conprising a freeze-drying
stabi | i% .rateissﬂi’ogﬁé&ﬁﬁr maceutical conposition of claim 12 wherein
the freeze-drying stabilizer conprises trehalose dihydrate. 14. The
pharmaceutical conposition of claim 13 wherein the concentration of

t r ehal d$eThi¢ plyatmacantical cabpositied ofilaim 1SomPeing hdnlkareagent al
conposition of claim1 conprising a bulking agent. 16. The
pharmaceutical conposition of claim15 wherein the bul king agent
conpri S@sTRe PlRdrimédutieliUompodifion bhElaRhas WASAL the JLIKERIRRAE édnfiljﬂis% a poly-
claim 16 wherein the poly-al cohol conprises mannitol. ~18. The

phar neé&@tpkal conposition of claim1 in the formof a |yophilized
powder. 19. The pharmaceutical conposition of claim 18 wherein the
powder is stored in a vial. 20. The pharmaceutical conposition of

cl ai m 17wk phatmbbitieslrgpaiokition of slain 16 kéefedt he@blyaalbdllicémprigkt. The
phar maceuti cal conposition of claim20, wherein the liquid iIs stored
in a syPdmgel. 22. The pharnaceutical conposition according to claim
1 conprising: (a) reconbinant human al bum n- human granul ocyte col ony
stimulating factor, (b) 20 nM sodi um phosphate, (c) 180 nm mannitol,
(d) 60 I¥MIbe pheamosaitidalopdpatition afidiaine ) ipdileyfson bft byodbilizedbperddrn t he
conposition has a pH of about 6.0. 23. The pharnaceutical conposition
according to claim21 conprising reconbi nant human al bum n- human

gr anul qeyfge ﬁl?ir&@MelﬁiEélrﬂéh%EiHGH bashen 1 @%lePeMr the p%&rdefrig &tored in a vial.

phar maceuti cal conposition according to claiml1 conprising: (a)
reconbi nant human al bum n- human granul ocyte col ony stinul ating

f r . . ) . e e
acto '20. The pharmaceutical composition of claim 1 wherein the composition is in the form of a

liquid.
21. The pharmaceutical composition of claim 20, wherein the liquid is stored in a syringe.

22. The pharmaceutical composition according to claim 1 comprising:

(a) recombinant human albumin-human granulocyte colony stimulating factor,
(b) 20 mM sodium phosphate,

{c) 180 mm mannitol,

(d) 60 mM trehalose dihydrate, and

(e) polysorbate 80,
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(b) about 15 to about 50 nM sodi um phosphate, (c) about 180 to about
200 MM mannitol, (d) about 40 to about 80 nM trehal ose di hydrate, and
(e) polysorbate 80, wherein the conposition has a pH of about 6.0.

25. A phreiadeacomnesition Mpes pHidbewddt-i si ng bet ween about 30 and
about 120 ng/m reconbi nant human al bum n- human granul ocyte col ony
stinmulating factor and at | east one pharnmaceutically acceptable

carri er23. Thepkirmatdigicelwrp®skition Acddading tpdtaipd 1 behpedns fecandifinthuradd
wherei n_the nmonomer purity is at |east 98. 1% when neasured by

SE- HLPelbwgn-hpgan grauiacytd galeny stignpaieg fastonandfPMIdi m 1 conprising a
pol ysor bat e.

24. The pharmaceutical composition according to claim 1 comprising:

(a) recombinant human albumin-human granulocyte colony stimulating factor,

{(b) about 15 to about 50 mM sodium phosphate,

(c) about 180 to about 200 mM mannitol,

(d) about 40 to about 80 mM trehalose dihydrate, and

(e) polysorbate 80,

wherein the composition has a pH of about 6.0.

25. A pharmaceutical composition comprising between about 30 and about 120 mg/ml
recombinant human albumin-human granulocyte colony stimulating factor and at least one
pharmaceutically acceptable carrier, wherein the composition has a pH of between 4 and 6.4

¥

and wherein the monomer purity is at least 98.1% when measured by SE-HLPC.

26. The pharmaceutical composition of claim 1 comprising a polysorbate.
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