WD 2007/ 131972PCT/ EP2007/ 054604 NI COTI NE- CARRI ER VACCI NE FORMULATI ON
BACKGROUND OF THE | NVENTION Field of the Invention 100011The present

i nvention y§ ,hdd/ 1536, fi el ds of nedicine, vaccine and phg/gRGsuti.cal,
formul ation. The 1 nvention provides fornulations conprising a
nicotine-virus-like particle conjugate and a stabilizer, wherein said
stabilizer conprises a non-reducing disaccharide and a non-ionic

surfactant. The | Ny 8 } ar along tine
of storage at rooﬁﬁ%@%gwyfggaA&ﬁf®m%ﬁ§& for the
treatment or prevention of nicotine addiction have recently attracted
public attention. These vaccines typically contain nicotine nolecules
whi ch @EAcKkaraian by erndvERTEORarrier, since nicotine is a

| ow nol ecul ar wei ght organi ¢ conpound and not capable of eliciting an
i mmune response by itself. Mreover, since nicotine does not possess
suitabl e functional groups for such a binding to a carrier, the

i ntrodye &gpmghn%%ﬁﬁgking sequence into the nicotine nolecules is
typically required. The devel opnment of several vaccines has recently

been r ed, f e e 1n US.5' 876" 727, US 6' 232' 082, U ,

o 656 188Mnq" usThe SOy Sehlhne i ¥ Rrydier myiota: BeeRe an ARymyssgiorty
t he natfernelaiont Mee daveniied peaidal Semilatiddecohiirlsing Oiddtigevirkiilag particle
sequence .and the site where the Iinﬁing sequence i s introduced Into
the ni COEHSRES 21yl rGvpioin il SRS BEPTSREa BufsHriEe Bacsharisieiand a
mol eculgg-idme SurfictHe -ﬁuekl?olﬂﬂﬁéeu%ﬁnm{% aBY s@blk 1afkd B Yo ORE NF& M Jelat
an ester functionality, that forns an ordered and repetitive

ni cot i AR ENMPCEIEonj ugate and | eads to the production of high titer
of nicotine-specific antibodies. The sane authors have recently shown
that a vaccine conprising a virus-like particle of an RNA

bact er Rejredget Qp t o which nicotine nol ecul es are coval ently bound by

a |inki equenge with an ester functionality can be efficacious for
smokKi néﬁl@éisati g{n%a(fchnel"’l %ﬂg t(??grﬂ?rgroreﬁre‘éqna?n fcogne p n %’GSRCE’“”Y
35: 203 httvhBied huBOO4kThedn! Ethdsd @aRMes QfpivABC kHiRaif OTBR Rkt ORSuIEO wiRh arc
stable an injmze or avoid chem cal and/or physical degradation

t.0 . m nj | chen
i npl i eSOYAREUY ptho YA ofREICHIne S R ANV -Solcshisr ¥/5ieht prpprig cempennd and
requi r apesdpable MQIZANE A3 13H4R: . W%Y i
| NVENTI ON [%0_85 Ve ha\é/e now guﬁéﬁ@%g%ﬁgﬁoéoﬁop i gg%Jé*Eoes not
f or mul aessexs suitahle Smatinrial gwyphios sedhnaebindingdo hickwiepahd inphductionjoligdinking

whi ch j [ ] nt.l und to the virus-like
part 1 o gt it BUCEH I8 BRID £0h PRUT BN pistd v
car box ks recandy deeif apatadofoakbxanyple MOUS 61856, 720U a\282 982 s sicsghyo g
that this,/ ilized fornulation is stable over a.long period of

st or agg 9?? r%?'gﬁwr %eﬁ?ﬁl egrﬁ%’lug?atﬁsr g&&nfyem Héﬁiee{}figg? af g’cee?grqeé ﬁ’ﬁb’iﬂ?ﬁ iy be
(40 C) nathit @UHe tihkiAg sédi@ndey@ianthé sz dnbrinaliatih® Jeibndee iRFRBER into the
i nvention conprises a sinple and econom c stabilizer conposition due
to a nP¥Fm nunber of excipients included therein. [0006] Thus, in

one aspp@s) the 9venid-on RERQMbLACHAcduHf iolfirﬁﬁging %ﬂ%‘,ffési RNa virus-like
conprising: (i) at least one nicotine-virus-like particle conjugate
conpr i Bitfigle (V&F) &y 4 linkdng sequenssrwitle e estan metiynatity, lteadormene odeet iané

nol ecu " .. i t .| east .on i.cotine mol ecule is.coval entl.
pound. [ uGHiEs R 28, Bnid ER%% 3 LGP boBcilR of Bldb e Se AR Pt et o
| i nki nentibedicenTie sonprithes lave astetlyfshowhithnad ivaycineabehfrising @ virus-like
stabilizer c ifion conprising: (¢) .at.least one non-reducing

i oacRATFAQT SOV RO ERAPhREm B PSR Casine QPO 9 oKl bout by a
di sacchaiki i o0 O/: i : ] - i

e he an Salitncl SRl ARG ol be b SR Oom i RORGER ] Rkl 0
non- i ofiYleureigt fhdtwnt Immner290A 36883 éMcent rati on of said non-ionic

surf acft)%ﬂ&] I's f {0 I'QCIIRIQB%%? E:iovagci%e%c mvac\,/sztioing t(;[ 6L (B0 fan& poeminimize or avoid

chemical and/or physical degradation implies the need of development of formulations

satisfying such requirements.



formul ation of the invention. [0008]1n still another aspect, the
invention provides a reconstituted fornul ati on conprising the

| yophi | i zaglobaurasibat i on of the invention dissolved and/peispympeidsd
in a physiological acceptable solution or in sterile water,
preferably in water for injection (Wl). In a further preferred
enbodi nent, the reconstituted fornulation further conprises an

adj uvant. DETAI LED DESCRI PTI ON OF THE | NVENTI ON WO

2007/ 131972PCT/ EP2007/ 054604 3 [ 0009] Unl ess defi ned ot herw se, al

t echni | i f used herein have the sanme meani ngs as
connDnﬁéhﬂﬁggpiﬁgggh%é#%%%?gﬂ§ordinary skill in the art to which this
i nvention bel ongs. [0010] Adjuvant: The term "adjuvant"” as used herein
refers @@ on-sp. igic stimulators of the jnmmune response or .
subst alsl  hat " 3 wege%rwr&mgi\f founde g oy OPIHliFode [ atiorhith HtARikizes
combi negtowhd-PirdsNaeVR86d1 6 8ogiichiRNRRiBREEMAInCAL ot B TRASIAdsMdvalently bound to
respectively, of the present invention may provide for an eveén nore
enhanc & Yirnlke nedisiobis way Al ¢ dinkigyseatengeljwhieheamprisas bleleass @de carboxylic
Exanpl ' ! .CO i nd: 5. adi Ly g 1. nu
ydr ox 38 S RauS? FRREAE, SMAPRORRAERE GhA T BARtN AR oyl
m ner abtablelosersulohg pericdlofi forugmtimedit mondiempsunfraceevas bi aceclsiaied taneesure

such a 0.l ecj.t hi | ur.oni.c. pol.yol s ol yani ans, .pepti des, oil
ot s T YO o REHE Mo BottiBARs SO BRI Gt R VS e Riymes acimple
usef ul ahdigg@AcAL] seHbalbScommiRbitian dBOG A MRGhih eukdbr ek pii ihdded RMdrein.

Corynebact eri um ﬁl&gvu_m Such adjuvants are also well known in the
art. FUMORkr adj tVnt'8 PR%t 25886y LB JBHSIHPE BIAVHieH ¢ hivprElizedmporsiulations
of the chmyemid: Q1) di NEkUER nbincdifis 1L dabitid &5y S BRI ks i
Vipid irbnerb o e Ad?‘g{)glf iBsaae aﬁtf%%ﬁ?,%@@&@%ﬁ#%ﬂ%
sal ts patighs) andvib) BDleag ping protigdvmpGETyleOivhaeia samlred [adst omomedting djalecat is

t echnol juvant s - | so. coaprj se,..a m xture of these .. ..
substaﬁ@%%?ﬂgﬁ%mﬁggﬂH%g%%gg%g$§ﬁ$§mFes ﬁ}%ﬁﬁ“gée‘ﬁmg%jﬁvgﬁ?_“$%&%5gﬁ,
t he t esemuéad] covenises, anaston Sacttiondliny;ranti{#) & etabidixér @impbkitisn apppridied: i(Onat
refers,to an adj uvant nqﬁ bﬁ%@ﬂ the VLP %Eed for the %gve tive _

f or mul $EFlofn® r BREFUGRR AUHEHHCT 0V ISERTY ME poonopmBien eloatidpmapasdycing
The t edfinccagade PHORA. 5V t@NshsLBA) iNicBh e SRR EHREM SR th the FéPmuf@BS bior to
protein” within this application, refers to a viral protein, o
pr ef er spYiligationpidiat leatt ope perrioni sublapianigwireig the sangentistie el salsl gongpnign
RNA- ba . . . Lo . . ‘. . ’ _

U rus SR O P A s e oh A RO o b Rich prr
t er m " foolynphikitation; gndivorerdin siiy epphilizéza@nipontion bisr gHtvelueHenh b.gub 6.6 prior
for mul tf8@ﬁﬁ%ﬂ$ﬁe present invention, which is subject to

| yophi Jar T On process, typically and preferably within 24 hours, and
f urt he[000ypi cal | n amothepageer dlel iivattionipfovBddiaUpiBcesalish @i MRS 1§ophilized
typi cal_l g?d p%_ferabL within 2 to 4 hours. The term

"IyophﬁFﬁ? 'PBA ﬁFSE@% “and the term"freeze-drying process" are
inter cl[mmsﬁbl Y umegilneneihtr agstcs Nak | inb&iibRIRLHRL ASTRYRGNNLP formulation
[ 0013] Lyophi lized formulation: the term"lyophilized fornulation”

r ef er s cemPHRE Esmpophitizesh farmutatips obthai inextion diwsolich abilier byspended in a
proces . i [ i ,

or of or DBy (4 AT ERoPEK NG B i AL wh B BEb 0T s EET NG ) 2o
t han S5&furthee pefealst ymbbdilnests thchresonitt @@ frabdibh yyrtheheorh@isns an adjuvant.

"l yophilized formulation" refers to the WO

2007/ 131972PCT/ EP2007/ 054604 4
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conposition obtained or obtainable by the process for naking the

| yophilized formul ati on of the present invention. [0014] Reconstituted

formul ati omg 200b@3t0er m "reconstituted formul ati on" ref epgriep2dofh®s4604
liquid formulation resulted fromthe gissol ving and/ or suspension of

the lyophilized fornulation in a physiologically acceptable sol uti on.
[ 0015] kigpsj ng segﬁggw&ﬁn&hsma%ge al &é&hmeg aﬁ@g&'l@rﬂﬁﬁ 1@ WEEHeBE RV Dihe
refers to a nolecular entity that covalently Iinks the nicotine

mol eculsame onephiagy by gemmokly wadersiasideby po0 06 pRowmy tskifipior die warieto whightthism
room as used herein, refers to a tenperature from 15C

SOCER%H?Ig%H%éy from20C to 27C, nore preferably 25C.

[ 0017] BB e: t hadjuesmm Tist @bh éidjamnt'ssdistieheein, refesfte menispeci fivestBiadters

of the lLyophilized fornulation of the inventio C risjin .

o oot RIS Fpae O Sisaf bes bt G ear s Bigeep s 01 rahe fast hickygioen
bact er :oRbiAGE Wth3 tieORhdTR B8 pAGFhaBMEBall e0thitBTiioR! BfspEcaRbLY, féprmar pedsird
Ni c- (213, in which, up to 15 weeks, preferably up to 20 weeks, nore
pr ef er Bleplionymey Ppsyidgelok 4n GV ers pFeaetianted IBBINE SPRPEREL ar‘earmy @ft adjuvants

accel ergfed { @’x% [c§ {0f6d s cobidpletd NEd t AE&hp!

and nlcotlne e i vat &%slﬁgg%égs t han %/65%%%?ﬁbﬂg%n@% QQgﬁ m&ﬁ
nmor e plhedlremdbl andl ewdilted amuBdnyldipenidon Fertinreidnailse ateessnetrﬁageiﬁ%iom as

t he tot t. of..ni |ne ormu the
o hoaBiiTR Marglioh L St Spekide  aPub R 4Eh | BT 1ysRCulibe bupdife HPHES
sum of pliy@mbnsnpept’idE‘s ofl eﬁﬂﬁﬁldlﬁ,dte@hcblé)ph@gﬁheﬁoﬁyﬂimsg@lﬁ&fo@ha@d and potentially

aggr egat referably the 3 ol regat es,
does ndte ef\ﬂréa?f@ﬁsﬂg Iyt S\f%ﬁ%sﬁ%gé/fbaﬁ%fcgﬁ} bg%rr? fBd OHPEIP%P"&BP’;PE‘W%S
conpar edcit &1jtNRsHROMES wen Khb@n SiRe Qft. PhaRt h&jﬁva\dmhgd dafl %@%ﬂ&naﬁ&ed with
aggr egat es, preferab t he sum of nicotine-VLP of RNA bacterioph ag@ﬂ
S

QL3 ol ithfoRemRosHions &fqihe gareasion jrelnds; Atk yrq Imet Siovted tonMenoni®spidrygo
and aggy r ik Qr € MF-
a0 20a4GIR G0, IS BUL A4S 90 BE1 0Tk ORISR RTAIDE -,
fornuléﬂﬂdﬁ4a€%@ﬁ93t6bh@%lsmbfmemsmth@uwnmumwnobgyhﬁhsmdmmmnscmlamo

he. por BBTEGE TR T BaReo aanGaay TR ol en edpertiBEMsPined 1t S

f or mul ddweRcrp thOterh O‘akipu@ph?,| dszadet OmitHih ek chrBext %rohisNppti€t BnOldfGO B a8
and aggregat es and Efter Iyoghlllzatlon according to the present

i nvent POMVY gotbsingdhk ¥ LErused loF Higdnveniig rmulation, g hem.ne:ac@i@ndp PYONEs
and agggmapt es 'Ooﬁtq_b?crtéﬁcﬂﬁsﬁéhﬁ el p o nd thORerdnBfgkab & RERAR PEPGA
of increase is he term "free nicotine and nicotine derivatives

as usedrddneivihingtiis apgicatiomirdforsithe vid drofeigopricireablies subanit vEsnathrat caaslé
not co t t. f e
ot hod O & et GraeRd drdn T hEMIGpLES AR Bl or (e UGB ER g
nicotlNeummmmdmoa\ﬁé’derlvatlves IS preferably the RP-HPLC assay as

descri herein. Th d t deternln t he .anount of
t he sui@ﬁ#inlcoti u@fﬁnoﬁ¥ﬁﬁn§?s§gﬁg ﬁgﬁ?eg ormulation” prior 1o
2007/ 1 3D RRREHMERZRE7(00%4 Gﬂiéldeoml@Iba@abf Yhet lheseﬁu mv@fﬁud’ﬁ:l &lidhng -s\biBetob
RNA bacteriophage Q 3 oligoners and a at es preferably t he sum of

Ni c- Q Brophiligaiinsr Brogsss BElREYAne Prefpigh  wilanad boymeangs urthex Exreally fandw
field phasbly AiPOR8I0Rnd BT m AR Iblecy aQ@ﬁ&%érb&fwﬂmEz’%%rsl The term

her ei n, fractions contai ni'ng particles 1arger
ni cot i ribophiPzation gnesess”zmd thé froms ‘ﬁ’epzeedlremmrycesér:genntcmhwgmblmomdwberunp
of RNAaR?&hﬁ%e?%§§%33§%§1 Qners and dinmers, preferably |arger than

Ni c 3 nonone are conbined in calculatlon

[ 0018] @G1gdr ner : Lildphilized nﬁorrﬁdllamr nige " terms“lysphdized foheulb@gnm refers to the
"nicotinc-VLP oli rlop

ni cofi ne- VLP of RNA bac
ol | gomEPPake™ Mof Sty gbrarte e B ers e PR agloregar AoRiofT 4 liauid
| east tdraR@tdAOTHRcAI) 2h@ ProfbrtBlyar is\d-R3idUonfbStiod BSPGLH WA Yontent of less

than 5%, preferably of less than 3%. Preferably, the term “lyophilized formulation” refers to the



i nfectious, preferably a non-replicative and non-infectious virus
particle, or refers to a nonreplicative or non-infectious, preferably
a non-replweajobngemnd non-infectious structure resenbl ipRGER206h/H34504
particle, preferably a capsid of a vigus. The term "non-replicative",
as used herein, refers to being incapabl e of repl icati ng t he genone
compri 6o tidh Wbt o TR ROy MR ALER BliSe 1S

refers to be|1 ng |ancapa ealof en eri nrg tsﬁ hostng hl y&@ g?‘éﬁ&mn of
Vi r us- Hickwespairinyemtien.i n accordance with the invention is

non-repld;gati ve n infectiaus since it all. o rt, of
the vi I)IIaIIlﬁgenorreﬁécIchI'&mtegr}or hurltagIOIIbﬂI Ieﬁmorﬁ%cogsnb%tag ﬁé‘ﬁ‘ﬁlatﬁmvirgﬁg foi 18
parti clte;un:ls famulatios aultedcflem ithe wissovirtghenwhr adusgarioneohabe Heephilized

physi c or chemni nactivated. Typically and nore preferably a
Vi rus- ?r lafjgp i 2.p SI"M@IQF‘I’CCBI& é?’t‘m%‘I/' the replicative and

i nf ect yeus| conponi@rihg Rhudnle el @lm JERRME- scQuaicEtiss ke hPRl I1ef) tda

accordance with the rnvention may contain nucleic acid distinct from

their GOHRSHE! ety (st wieatk:dlnﬁ?séhfew@we@mtwéﬁ iy vieys-1ge whitigls- | i ke
part i cyyrsl acCORHGEmWridire ife REASGOm | BXEOLLAD ISuda ot £ARSISa
such as the Vi r cap5| t he correspondi hg virus, bacteri’ophage,
pr ef er &iperaRivAliphalfeC TR °C grafrably rah 20%pwi 1°C onort pagieiidy 25t@f er t o

I bl d of I . -
Ty oall0T t hor eSAPE B0 5o RIow Birg Heif, o Ak B Wbertitred

viral (forefgikion safbthei htSvent{B)ﬂptcﬁﬂ;IrIs)&lgaﬂd:otMSi‘VBPa&ﬂn}'ugateﬁl,eptefﬁrﬂj’lﬁcdoh@%tngf
these subunits lead to e formatjon of viral capsid or viral-capsid

li ke SPFBEQ%YEP\MftHI\I%rI’aF‘fH@W@ﬁ? Qﬁe%ﬂgﬂtetpeanérf‘g'awf%r&ter @fpferﬂHércemrlglalgd
WO 200 9 ,
or tub cléII or e%%?qg &%ﬁ@%ﬁefgﬁgg g% EI{IXIGE%S&HIOI@%&%H%YAQE POII%I/%%&

spheri oﬁitorfagas an robmitesadtedrdalat aa:pafnmeﬂyemﬂ'dﬁﬁutee{n@ﬁ@,c(mm thidliakk@unt of free
structure’ ed. herei refer I ecul asse
conpos BEOGIE SR taF Sra vl Bus fen dBaHmrRRG 1 d e ooy
in thetahcwg «def mBRAnSRABR 1B44tthaL W, & iR ofal Q’H&)ﬁth%f hi¢Biireah twm?{ﬁﬁiaﬁ&ﬁ'
assenbly while maintaining a sufficient degree of order and

repet | 87/ deamanrioldbntighof rigatinee/ It oligomess a@araggr@gféeSantffmtﬁnﬂmsum@@f

gﬁI)IJI’lI:III;?OII%OX%g {P};RI@I&I II? ?ir%%%%gt(lf%?hé % IHI Iatre El& 1% su %f Nlc-

her ei nQft fdigb@em anm aggeegandse dpes fbic hr&r{ﬁﬁe amerl‘tlQarbao%e rprabtaa@e‘r‘/d; Qﬁ(&és
to a viruys- Ilke e conpri sing, referably consisting

essent PE{qrgPl B Dy GRISPEE] ity bF At ﬁf JeisHE, OhuleRtng Vb ph%egwmagd
thereof,, N RHA, IhQP, t f
. RNA B B aae o AR a B e L TIPS e BB Gnf
bact er eggbertms, proferably the sumeNic Qi oligommd/and agrregatasf mahé fusmladodprior to

| acki ng at. . east _t he enes ncod| or,the replication .
machi ng'PI?I”(IIFattoﬂe TIE&MH%O&& 8 t%ﬁ‘é‘&e aﬁaﬂfteynﬁ%éaﬂit%matssm ATATHHFSt Rethe
gene OforBRANESH QNeP dioRe tNBrREPHRI Ain@int RS ks d@ﬁ@&ﬁt@l\mp oli@6ms radth

attachment to or entry into the host. This definition should,
howev ePSEasadss DERE ripellispiipn SIvEs the Pprapiaasi of sncsfasRmAussddetsin. dphagewle,

whi
1 oA AP BT AR ASDSE. 408 B3R s n
non- i nhiatlyophdlizaiiorsechidies pahé pehas infntionRNA lrshagxks oPstefage, rege V4 £% of

derive RNA- bact eri ophage hi bit _i cosahedr al metry and
con's.vsﬁwse‘ﬁ“%ogmm LR R PR DaT o (N TRreRAEe of

" subunidorea@nh INDIRIBLM H& AiBSEESHANARIERRIY VAR e quL A ﬁétfe nY rt&§do

within this context. Preferred nethods to render a virus-Ilike

parti chigodfc and Ring sletieativeptiagec mohcavelshily heundelo ahlyiprs-like Particle of the

non- i n u h vat| on ch. a

i rradi arI%Ié%tItO?l ?%Iﬁ% éd@&%&&?‘ﬁ ¢ g ! &En ;“SI?II unI gg Igymaerft1 WSIleaggIIa ‘Ie m%@/me ot
nicotine derivatives, is preferably the RP-HPLC assay as described in EXAMPLE 1 herein. The

method to determine the amount of the sum of nicotine-VLP oligomers and aggregates,



invention conprises only one carbohydrate, preferably only one sugar,
the sugar is preferably a non-reducing di saccharide. In one preferred
enbodi mentwotfe/bisgui d or |yophilized formulation of therispyRAbiesn
does not conprise an added am no acids This means no additional am no
acid is added to the fornulation. However the formnul ation nay

Vi s Pria o AT G B 3 S A et S 2R g eleels e

pr ef er pedereith obt mmbf NﬁchQBI bligeintbrosind yQpddales, ze Q@b gt zts?ﬂrr@fndahﬂow
i nventi 0{1 ﬂoes not co i%e a bovine_serum.al bumin or a hunman serum
al buni A% oy Jrciopating FA R ety Balcssisdi RdmtAMPRE "I Bisinain Whob fraghens
| nvent ICQI“&HR’%SPEPQ&GSC%%H&% %M e 0P A n@m%r%rdfl'a‘ AhRLe! Referlﬂﬁ] larger than
excl usi on of “serum advant ageous y avoi otential seru

cont aninivatin@W LBrdbReMm bac@azgaea @mmomémrmecﬁlmaﬂspplneMy ldrie thargMicd
or Iyor()qtgzl ized formylation of the invention, in particular the

| yophi NP B3P dfldimess: B¢ conbinshipeaterghon- does not conpri se sodi um

chlori The ex n S, hj s,p@é N
t he fo?@ul ation. ! e‘gfvggét e ggg%ﬁ%‘?on%ﬁlgﬁ%% %}t 1g§'un§| I 'm ﬁggotn%r
t he poSsichire-ddl exf SRNAf baotriophiagsaQf @igopeot eidn Nica®p bligomadtintee o the

| yophi l i zati on. 100301l n one preferred enbodi nent, the at |east one,
pr ef er 4BE6235AB o§atleaskthres snd up &ryige Vids aF YaEe AbRPdestestivelicr ose or

t rehal I n on e r I odi on-red

di sacchari !Jle IS %Féﬁ%*%sghg %&g %g%r‘%%% pr gfggrepey]glng %I rrenli[18 VLP

concentgatgme?, Ghicdthe-aLp |o€&€\1lA(baa:en@hegee(}ﬁb|agg1@gt&e’3mw‘|‘m;: QB aggregate”

non- redu0| ng di saccharide is from3%to 15% éw/ v), preferably from5%

to 1294¢ 9@/;6\99 the gegrPeatian of alfpashies opliRs o1 398 of Q regicativebabl y from 7. 5%

to 100/ ., pr 0 " of . .C e t

liquid (?(W | at i gfr&{ ?ﬁw&lé’h%é\é\%@t ‘%H?)lst ﬁgrn?lyopaﬁl ﬁ?e?e?ilte#eg&r nrgféést Q% El%

in ter mrpﬁolagmd:&mvr af a gius. dntshmefmumjfmslmmmlsesr atgendrymmh‘rdumat b;oa
The concentrgtl 19f L& [ﬁlose e ed in e gpplication,

unl ess POt Heri*se "é‘%ﬁﬂ‘. ¢ lolnﬁ]dﬁ%l é‘fa eﬁe?‘evrﬁ pF% f&bncentration of

t rehal ga21fi hydr qires- (iR pdidOk . (VILIP),i & @R0eHeadin, kidfand e;dlewmépmat&le bd £6h-
person. to conver}ﬁ{aget ween the concentration of trehal ose di hydrate

and t h&edRERATFEEPNe GPneplissliver g RonaRisrlds Vims pagiclenor eclof(gea non-
trehal agficaliJeydr aﬁ(ﬁl—lﬁﬁ'ﬁl%lﬁi tﬁet@r{fblﬁlatdernoflfr&ﬁlcﬁt{v%h%11(‘?51’?011 J@QE?@[;SI @trﬁ’(ﬂﬁ‘e
preferred embodi nent, the stabilizer conposition of the liquid

| yophi Fespialingos ﬁuﬂllsamﬁf@ﬂie atrefeiablyi epppitiodn, vis.cFherteint {napfreplfpative”, aS used
| yophi d ! erab
one. si s THEls B eaptblf bP Sl QTR S o AR e BE s HERY TRY it
t ot al émmnmmctlam§’m uscéd saeid, mfens !béﬂmglmtgpahleat@i&arnlgdb: mdcalaPﬂaferably a
bul ki ng. ﬂa %?lf %to .15% (W V), wt egroviré%gthat
concent FAY [&hP lcgdpcPcﬁ% a8 feid 188H§1F]P?fée IGALLe gL NG lous
(W V), sipeefiasdkbhl ofpath eafle Vit %Mfloﬂe ,origRnéreé MBcGdn. 1N 6nE QABRIMMERL 4 ORud- N
the liquid fornmulation, or with respect to the Igo philized

f or mul éﬂeﬂ? BeFticiers gefimg Palftwl%ﬁwﬁt%m siali geneme hag peam pivysisepen ehemieplly
I'yophi kiag@ydiQn- T)}pfbaﬂf'eanﬁt inble bHELRRY aprvﬁ{xﬁl fRodicre 'ﬂl o P&ttt @k

concentration of said easP one, prefer aﬁfgjaone si'ng
non- r edpticeitycding amf@ﬁ@ps d@mmmtmg aif theaviral gersmeo ﬁsevmpflécfeqaaab;ﬂe/mmeordance

singl e rol (V er ably f

Gt 0) © S0 BHE dofiphl ALE Ao, pRES AL Bt A S ah g tred
pr ef er abbydimennofd tivestlike pABICROM74ct3HANZRETH HR206:E410D40Mion %5 H YirgWéaygid
in the |igquid formul ati orvmthresect to the | i 1ized

o steo o i St e oo g GRR: eicHOPhap iR i beg. dhe
| yophi tdriatvigit cads@i0 381'dapsianeeer &f £mhQEmERBAL 1M bly E&ﬁ‘pds@& 8 viral protein
concentratjon_of said at |east one, Er ef erably one single,

non- r e8Iy Tipialphleiccae Sd120i 180240, 388t 3ghand proes BeaH6) Gk protein

subunits. Typically and preferably, the interactions of these subunits lead to the formation of

viral capsid or viral-capsid like structure with an inherent repetitive organization, wherein said



[0034] I n one preferred enbodi nent, the total concentration of said at
| east one, preferably one single, non-reducing disaccharide and said
at | east an@oopiaberably one single, bulking agent is fpt@mpﬁfb’q;bgzﬁgl@%
(Wv), preferably from4.5%to 7% (W) in the formulation prior to

| yophi lization, wherein the concentration of said bul king agent is at
east 16w, oBher ghlfcd 17 Q5B 380 aid e (05004 Bt kA

250 to 350 m)1 t]ﬁ ﬁo?@ pcraeferabl y abcgut a3 Om)s?ﬂclégsnaé gﬁ hﬁadgfeEQJf“
pr ef er B&gAgaribed: mphencalrfenn of atoseiod e nymaeinp il hof tesm"ghpalﬂ-lﬂ@aesmmmmé as
pref er y | non-re char sai d t
one, prﬁg e%ltg ] S S%gs gcb na I é&ﬂ(ﬁ%ﬂ% uﬁ]ag gss%ﬁ 90 o%ec’ia :?g‘{% ¥1ra1 su?umts
pref er adshmbtlirrgomm&aﬁé%ﬁ hmrﬁ&ﬂc(g\y//m)the lbdverdeﬂhat seme bum dviatiog from the typical

| yophilizati on, et{el rf%lt he concentr i.on f sal d (gcgl Ki n ent i at
| east DHEGFGE asmilne 86’&%?%?%’&30 pierly °§r°ﬁ B ciitveness.

di sacchanimde fedudtofl @AS tpaklétd Wid/ ViruPrieS 4rB8L s b %1M¥@fddt AhdOfeptilifre
formulation is from250 to 350 nosm Kg, nore preferably about

300n0s ATIEETRYOY ST SEPuBHe pref erred enmbodi ment, the non-reduci ng

di sacc e [ L858 pgntR@% t n f n
one vew %r ef e?]rr{é%ﬁ% gl Ef‘n%a}nt elg%gc)g%% n(%gn%s%g%l %I?)lﬂ {}%Qérg} \ngéﬂk%
| east @m@plepcrfedreRalb\l i»acm:rwphage@jlre[ermtma rvadaldnkmgaaﬂiuck:a@mlmrsmge oamdef@“ablgl
at | east

o ooy eRER Y R pleas R I bRt s RS E ool PR handiag
pr ef er bederiyphagh rmniddltid‘me vidklige b;emiﬂerbft fre RN Kbageriapieit @sahbiing the
non-r educi n ride s from3.5 1to45 1, preferabl : I n
one st et et ?‘Cﬂ&r i BAESTRSSER TPl ﬁre%mrr@aaegeﬁgouaq Sadetkine e
is trehakage é}fédortéaﬁesbéﬁwmﬁ@fo@gl‘i‘é“feph@atzﬁﬁ'ﬂﬁ'c&ﬁéq df"t‘heoﬂﬁAVt%'&ﬁénQI%H%Egraﬁﬁd
enbodi nent Feconcentratlon of trehalose is 1% (W v

concentypigally ﬁls@flamﬁhf: @png er genaspiopdiag the nrOtehte of @riotmnsalemnmbhmf@r viga)

| yophi e I

2 P fBeto of BHAPHI RGP EAA-AHIRH, FEher, WG il RRSRE
bul Ki ngara;gleabf R%\Imhmmtoohageﬂ'he wndi thslatﬁcweménttohed bedekirngnesgeattill present
prefer manni t ol ntributes. tq the ohtalning,of asable cake,.
B r uct IPe ) e SR s 58 3nd 30 SPoscetRm 0B SenBoR e s GRsrike
pri mar yagdichs Ngf beRPY ghuge Prefdrae prhcidrﬂthﬁcﬁﬂ RNACIERS&riophk @sh exhibit
advantageous reduces the production cost. [0039]1n one preferred
embodi HORtHe 'iai:éyrametﬁ' apfh £oRYY ] WPe?ubBblﬁﬁpa&ﬂﬁmdhw.Igesrerlbﬁﬁsglow% dheptegm

prefer ambﬁnlft’f QﬁH 5m§n5r{=?er6 oo 1r9ér€i<ﬁﬁ§é%hﬂiyfinﬁr@qﬁtv§leﬁﬁy st wRERS @ls3next.
from6.0 to 6.4, preferably 6.2. In oné further preferred enbodi nent,

t he pHPrafersad @ethodg i@ rengeiga viuy-likg pgriick: of ap RNA dadterigphage @o@-rep@canve
6.5 ang

surfact%n%316 HOLLS %%Hdgo%zg’% £ o{/sgcra &Wﬂdhﬁ%{r}% 18{?2%’ 8’1 ng%yrﬁdﬁgg/n

(W), fpmefdehpdel ieaGud@59pi¢alinand prafierdtie by igepetid nfamptmhaml on or with
respec hilized for | ation, in terng of ca tion

t he | n
T O e S ey R it ST
enbodi meAh Faltlet feNof Wik Gr slekdastanbihbsvigahyisaedhat e 20 or

[0024] In one aspect the invention provides a lyophilized formulation comprising: (i) at
least one nicotine-virus-like particle conjugate comprising: (a) a virus-like particle; and (b) at
least one nicotine molecule, wherein said at least one nicotine molecule is covalently bound to
said virus-like particle by a linking sequence, wherein said linking sequence comprises an ester
functionality; and (ii) a stabilizer composition comprising: (c) at least one, preferably one
single, non-reducing disaccharide, wherein the concentration of said non-reducing disaccharide
is from 0.5% to 15% (w/v) in terms of the concentration in the formulation prior to
lyophilization; (d} at least one, preferably one single, non-ionic surfactant, wherein the

concentration of said non-ionic surfactant is from 0.0005% to 0.1% (w/v) in terms of the



pol ysorbate 80. In one preferred embodi ment, the non-ionic surfactant
i s polysorbate 20. [0042] Virus-like particles may be of any virus
known in g @hzlsvi Ng an ordered and repetitive strugkyEBoo70s4604
Illustrative DNA or RNA viruses, the goat or capsid protein of which
can be used for the preparation of VLPs have been disclosed in WO

2004/ Oggrgt%ﬁln ERQHQ{E‘%% fgénulgék:ﬁ%ln%xo tozléic’ph%h ggtgig %Inrgguiherje n%?11djs%ab%§zbr %gpo(gﬁlon

page 238, Tine osures
incorphmahqdihmheiﬂnbySWam 616 maﬁemenmpmhkﬁmﬁsyhnﬁaﬂdqmumthmﬂm mtthm
prefer nmbodi ] .the virus-1lik |cle i s of Vi rus sel g
P om a P BIGEENGS Bty SErPORiOp PR dprgRgtctfieb otars SR

c) Fbp@{ekéfb& }ﬁsvau TonSer BT ablrhetrhdie CAR Sy EhhRIRE Gbinulddoni 168, aneénhaﬂmed
Virus Res. - 141- §2 1998?) or its surface protein (WD 92/11291);

d) rrea§'1abl§twpf e e%'n@gcuc@ﬁ ity] preseuk e thegpicatys- MR conjoegms yand ey’ ejhadnsis
Vi rus; odbdiifPS@and RN doHpored /1, 651 and US 5, 374, 426); Qg)

f oot -and nout h- di sease 'virus (Twoney, et al., Vaccine 13:1603 1610,
(1995) J§028) Nor wAltkrnstivelys 11( Jtn@thq asgect, gte aliwntloScprem@@ 25i0quib Sgnigeen
I()l giloéﬁ%mpnsug (;))atIY&lz st r\tllei Irlllcj%tineb\i;ie éirkg B:]art{l egotn e c]bér"l?p?l.smg? eﬂb(alvgugujs')l)k’e
96/ 305 paniclekind &) raoteaarmmscxonnér mplq@nlef ehabilnwathe lKode mc@ing nigledulen@n

Papi | | oma viru 98/ 15631 Vvjrus Tob ccO nmsai c.

Vi Pus CB‘}“&‘ éo&'g‘grg@a?aé‘}\}?rf‘ﬁﬁke é’ﬁ’a‘c% }éﬁlaoé‘ﬁl“lnﬁu%?@u&‘?ﬁ? ug’ erﬁ’)“ @b‘f\g{é‘g‘“g

Chl or Otséc@uﬁﬁ&t cIo'n%OM:sr MSesteR Thdiihna Ainfﬁh{/ s%ﬁi%rcco\'ﬁp'bbiﬁon Wﬁ‘?ﬁlﬁg 19 at
|

pr oduce P of wpea Chlorotic ttIe rus falfa Mosaic Virus
and colfseionepBicEably pug Slﬁal@enqs'e@ﬁu%émogbaldenwlage@dbgpmmﬁmaﬁdmﬂn

W0506 ¢4,7; ?edu[:i?ggﬂisla%hﬁﬁﬁi zsofrgf}teﬁ ‘%dtoelrgb/o {\]’}anﬁ rI'nE%f \hd U cleﬁtkagon in said

particle is o cterlop agc. er pre

enbodi fi@niu]ativhe (RNA: Heast e:nﬁomtfafgeblysomlsmgteedldmommt hefagiaotipwherein the
conS|st|n f.a) bacterio .Q13:.b) b Lophage, RL7; .c)

oot er Fomnfhict) o35 Fh PR SE R isatoR EhEIvER! 335 Trhaaf igms of e
bact er icopfaageiolbz said forbaltion; @ﬁh&gﬁm’z\/ﬂﬂd stbl)tlzbcﬁ@bﬁpbsi)tﬁﬁ‘iﬂl@@ aMK! valudMEbm
2007/ 131972PCT/ EP20071054604 11 i bact eri oph

bact er Péhiagé- thﬂ@@%%é@%&%&ﬂ%@rws%éorﬁ}dagla&toéﬁwawaaé anpstied qfy,
one prefRhiiesianRegi Bt the ts{&ﬁ of fl‘dé%m%/gka@ 1%{& EdhBlatidn and Ufyasr LHik Gquid

particle of an RNA bacteriophage Q for the production of "VLP
of an FNAuséleteri ophage, in partl cul ar VLP of bacteri ophage QP and

and VLP terl 0 e -47:
04000 13 RE Ll | CREARRECa R S i HEAT O S Bl BRiGL: & Tila Whmptation
enbodi mwemprisitd E(l)vatrlefst bk eicp@ret tinisdikic spattfcld?bdﬁuylmtet emypopinggé) @virdsHike
one furt enbodl e rus- ik ticle is

bt or PoRls, BRERS ol Bl RisoREn ol i hirbipaidsd cRL e niSous A r e e
prefer rcsdn@m@qﬁumam said VIEP by @Atk - sWiRnEQRHega Said Snif@8e e[ﬂe@gbﬁépnﬁsg

2.5 m/m in the ljquid forrmulation, or with respect to t
| yophi P £8° ﬁl&?tﬂﬁi@%\kyr #il () g S{QQH%EY SIMROSINOR PMAETIEH OF FPnFiRNg %fr CEREET

prior tge \?f@ﬁ%ﬁ'bl)ﬁ &Rt $ifdle, I{di'l iBhie sﬂflﬁélﬁ{tr@ge@mﬁg'cgﬁ%ﬁtratkaeof said. non-ionic
ni cotine-VLP conjugate i's from 0. 2ng/ 2ng/ mL in the liquid

f or nul awifantant csrfrqm ROPES pelt %t ovHe t¢ry1@|@ﬁthe|cze@nfr@trqm¥1 anigl @rmuiarﬁlon,emﬁs
of con hilization. In

anot he(r%ﬁ%%eé éearidr)%{?iB P;%c%@%n%%&wﬁg %ﬁﬁ ‘Brdgg%r?ﬁgﬁrﬁgﬁt ion, the
concentjee7 on of It bee rpmfettrememkfhd?xmmmjthxgaﬁqmdj or ﬂmhilmqulfdmulauon of the
formul ati on |caII and pref ns of concentratio

the. T 0BT SHRFLPY B SRR B aprearioly SUG Safeat homgrgh arelerly o
1. 0i NYmpf-r&@fucidBWidhfdharidid) IR frenel REboMHRHE iHeEt RN ROgbEIMed Thrnbilion
present invention, the concentration of the njcotine-VLP conjugate in

the |i @Gihe inernkon 4p5sdiet coppiiseAn apdethamise aeidr s yucers peadeitiogal antno acid
concenty aidelNo ithe FBufaREIUL AP R foRfulh®ord YPRbMARL 2R antctinLo 2 HBT

acids due to the degradation of the virus-like particle.



conprises A-X-00(0)-Y-Z-B, wherein A represents the nicotine nolecule
and wherein B represents the virus-like particle, and wherein

X- (OH2) M Wi Bogiidod  Y=(CH2)n with mel-8, and Z= C(0). pk@$Rohbssdos
very preferred enbodi nent, the |inking sequence conprises, consists
essentially of or consrsts of : CELOCO(Clt)nCO, wherein n=1-8,

prefer n=1- , / f - = :
gai n DU V™0 e BB GBS Bl anFRETGE R GEE Rrfpion diihe
2007/ 1MﬂMdeEE®0ﬁﬁipﬁ§e466@kImf2smn sibstngn orfa iAm@lanéﬁ:@( Ub4RAE0IrByne further

wher ei n epresent s id nicotine nolecu erein B represents
oa d v PR R R ot TheS R B GRS ERRE
coval eptdigin b Axdigsidmef pyfubd hd@n@ieduble Pioidsolht diotdiibl Rguaf cdnbgnination
ni cotine nol ecul e. Exanples hereto are, in particular, disclosed in
US 5878YPKM.US 6656469 and US 6932971. In a very preferred

enbodi f[mb} sai dy bikip Péfer%?ﬂ&%ﬁ&ﬁm'e;% GRY &Rt by 1RBHNGed %rhﬁ@dtén of the
position of said ni cotlne mol ecul e.” 100511The totality of

coval efveytidyp imperhigwat the byopiliessiufowsulaiion &f th svegoas eges nphcqrmrélss aprum
absol ut, fhgur [ C

(R - con |§g;g($a ]?eor?Q%{rlS%a}[ Olfr%\r? gggf:lwﬁédg i ecu?ﬁrqu %Llﬁﬁlanﬁaﬁ‘ ur Irommlauon
occurr |M:gec(\8) theantiugiun af sadn [urtber ¢linayatey the poesida bdiemseafgcnobstluwe protein
t her eof Er. cgrabllgf t.he .nicotine nol ecul es are coval ently bound such
as abodtPHRy WA or an equal m xture of both the

(R) - conospyr at i om and pkdigirdiatbelimyntOEGUAY A &) pr&aaﬁlygweagmgre hén-
present. In a very preferred enmbodi nent, the nicotine-VLP coni ate

conpri sedyemy dispechiarige i supEose OF Mishapseo s onss fistherpisiied egiboginies ey
usi ng %Ju%ﬁ%sﬁcdﬂaﬁ{é&%@reﬂiioé&' cotine nol ecul es or nicotine

derivatives, typically and preferably by using a racemic mixture of

ni cot i 1e03Ibl ecul bsomy pmfegod iembodierchiy dhd vasemtipn iof ithegattlpast pie eréferebly
nol ecul o83 w th sal u v o, T O
The  couph oifeter adElhurhg §LPutg S 2 38 B0 (S ek T h e 2%
ni cot i ey praferdblk Romai% rm:ﬂ@éc{wm)ulgafeeabbnframm%amwﬁv@w\h plaéerably 10%
i nvention 0052 n one referred nt, the nicotin

conj ugdt'®) Hrierey ab FO)PCFﬁl PR h‘é%lﬂ‘%'l‘ R Pei BihgesPest 30 © %@f’?—ﬁlgﬁdy
Ni cQL3 byl BB dn f B tdTecohkaiifalifg iABINGY fRuBtion prior to lyophilization. The
succi nyl-3' - hydroxyrret hyl -ni cotine and the starting material VLP of
QF 3. [ Goszpiraicnel prebdleser sprersot Henvhole mpplieaiiony pleys elbapoi eipbitly
conpri h t ] fi
G 1 at ool kR4 B0 BRI AT (R SUENIRAE COOF Pisthenlthl SR Rcdge for
Bi ci ne,a kki¥td diersen s pamieet b@tw@krycrhmame@en(mmnamﬁtteqhabycsrChb_/draie and the
Pht hal at e ol m

0, P 4]
[o054] rrssAER s pE FreroBR b inene o eRuiBhr Fuos e ReE G PEChilaly B0
from t Reatgrfeugprebslosd sting of sel ected from sodi um phosphat e,

pot assi phosph te and idin /hr stidine sodi um ac

sodi uml @Qﬁ,l(lil nat e: n 19Re ol?fégf'fﬁ‘r!lt E?@f’ermeﬂagﬁ%d‘?qwnw?h‘eg fhc® liquid or
concentyahiled ¢ %nﬁdrﬁmwrf gk lﬁeenegﬁr n%refe%abw @F‘tﬂeoty%glﬁ%édn fdr@uRBo®f further
concentration in liquid formul'ation, or with respect to the

| yophi Icpmdseﬁoﬁtmlﬁaatt oom, Picferabdy rveosinglen bulkingapgeh im onpefurthermprederragn
prior teﬂlblo}{?rpem lt]ﬁeztg{a'l gd)\celltf%hﬁp Sl;]gaﬂf Irlcnlelredl%rg cﬁgarcagar r?cﬂéa%lkmé Qg?ent is
I um phos S osp at e,

buf fering aent IS SO ate or sitump
prefer aih:lny (bi%r mnﬂiﬂ‘ao@ﬂh}at\eﬁh Itlma oneisor é]henkeedormeima:liorrewﬁ said h@n-reducing

bufferin t i hi i di HC1, fe d L.
orboa e IRRRG issD e D1 476 WL MOty Af et . ol eSS Sheenpationin
enbodi neOliquid Renltiberdrrgthagertt tb SheigepHilied UeGinnalod, in b of concentratlon
2007/ 131972PCT/ EP2007/ 054604 .13 [0Q55] 1 n one preferred enbodi

the |i dﬁ ithe @Irmplggghppq)rzl@dqulfﬁgpgﬂ ilg9npptill diarther preferred cmbod1mcnl thc: total

concentration of said at least one, preferably one single, non-reducing disaccharide and said at
least one, preferably one single, bulking agent is from 3% to 10%, preferably from 3% to 8%
(w/v), preferably from 3% to 7%, preferably from 4.5% to 7%, more preferably from 4.5% to



i nvention further conprises sodiumchloride fromO to 90nV
preferably fromO to 60mM nore preferably fromO to 30nM Primarily
the incl usi@ry®kss@di umchloride is to stabilize the | ipgyjpd89h4EdsON
or to adjust the osnmolarity of the ligquid or |yophilized formnulations
of the invention. 100561In a further very preferred enbodi nent, the

i nvent i.gn i z [

e AR e B YRR 2B (U] B Aok BTGB AR o
(1) atc@ﬁﬂmmnmnenﬁmd@mnmﬂwumnuswnwkﬁﬂpanmicIe conj ugate conpri si ng:

(a) a Irke partrcle and st. one nicoti e | ecul e,
SNl (k| PR it Rttt S A Mg TR e ST g e
sai d Viprdigably Kﬁe Rixglel aberddMciag ldisBkdhRGdsS aQUANT &, 1eMQﬁ@lpaeis@b@ drieNgiglg)
sequence conprises an_ester functionalit a stabilizer

conpos PHKEYE ageRfss dormpede 10€) (W), P’é‘é‘éf%b%%fém ‘E)?%f‘ér”)a(b (/vbHeths ifprgiudation
non=f egH&! 189 %Btﬁl%ﬁ@ﬁrw&?em YReLBEdhubin GORGE RS %ﬁhﬁ?ﬂg Qfsac%ﬁérﬁrbe is ay least
non-reduci ng”di saccharide 1s fromO0.5%to 15% prefera ron1
3% t o 1204w/ \Brefetahiyt e rosmofaritshel derfownilatéomni I@rfrqnm 26hheo BOHO mﬂsar(hig) rmore
pri or d) at least one, preferably one single,
non-iohg%&gﬁ?? 1%%5@59&%K.e|n the concentration of said non-ionic
surfacteosd] i s friwmofk (@(‘HI'EI%{E emBodififediyihvg oial taicemradibn tdfesaid at least one,

concentr ti ninthe fornul ati on o, | h|||zat|on

ot or pratreRant sty BPraduroe SheRhRie el B et F86 arav Mokl
from t BeikeaOentGo MShs3%ne 10§, GO, HRrRNIS PRa £5%PetBS %wmmd&es&hers@m
sodi um acetate, sodium succinatc and H stidi ne/ H stidi neHCL;

opt i on&riPytoolyspfiikagen.Nglestein he gpresnistion wd saigrivdling agenons pinleashd® ) (WIv).
f or mul r (o) If

corpost 11 am R heEshal iy (AR SRR ] 35 Hohslthirt Eferably
10057]hhnmﬁQOmmmﬁKgatlvely preferred enbodi nent, the invention

provid | yophj | i zed for i nvent i on conp es ,or

P Doy nIaBL P ot bE Sr@ah pboRBefl ' SN USROS TP 8P 185 pre.
one ni gadférhisly \ting Whield, hen-aalﬁtmgldeacdhmmﬁgmdesawmmlem ioRg ;(raf)eraaly one single,
Vi rus- Ilﬁe particle; 9 one nicotine nDJ e, wherein

R N T i‘chéo %rvaémfeferaéiyémﬁém foy /"B ¥ite @r%}a‘taon prior
Vi rus-kd k@pRakdtios! ®nhd¥inaht LoHebRehiDRGHENE %urkrﬂg%gehﬂs 28icst! 1%1 N}Jand the
sequence corrprl ses an ester functionali t | a stabilizer

conpos cenEhiration it st mgnasducipg disaechpadeis aérf:ést 1[.% (] aﬂsr:fyrabhethe pyveglerity

non-re y@#y

non-reggg%ggng%égggﬂg§¢gBOt H@#@nggﬁﬁgQﬁgég%beﬁg39&“ erms of the
concenf®@6] on i nintdve picfemed abbomet, tbe néoeradyaph disacchdridens tréldh)osatnd the
| east gngi prenerab“ﬁ ﬁne singl e, bulking agent, wherein the total
concentFat1EF O T8 Non- r educi ng di sacchari de and sai d bul ki ng

agent ije03f;f om 0f ﬁl%ﬂegvelﬁ?ﬁe(fwgdd)embﬁidgﬁbn& hec% prtﬂ\deos@enhh@dnl sthaid %1 least one,
concentration of saij non-reaucl ng I, saccharide Is at east 5%
(W v), Preferelly pge seten gortriueing rdéﬁerqbﬁrlr? 2 Riq gl gt £ps-gHclsrplr onegsingle,

I'yophi byl kaHel 28 i e))maé 0 [£E8%(LRPin (BE ﬁiﬁhﬁﬁby pA&&o %dﬁﬁili%aud?loih bRufher
surfactant, wherein the concentration of said non-10nic

2007/ 131GHRRCTIEPRG0T 05060 hethaens e balkingrgentand ﬂ@momcm@@%drsecahau% is
(W v) Iﬁgn} ?5%0 qf g t})?e[%r%ﬁgreépf rlﬁltohg Qtlil letél\ﬁ'gf%rgt%l:rg&' %ﬁé&cﬁﬁlﬁglﬁé {8 noh ?edumtng

| yophi I'T'zatTon eri'ng sai rirng agen
i s pretlenahydesie Inebrﬂad arl olm lhdilang agamp iscomsiitsl imgnotery q)chfarmdmndmpimme,

st iR ST R St RO 105 MBS ROSRATRT RLCI TR, ik 6 (Bt Re

COﬂCGﬂ&&ﬁ%hﬂﬂmhﬂuﬁm@uf@6ﬂﬂhﬁﬁm@n prior to |yophilization; and wherein
said stabilizer conposition has a pH value from5.4 to 6.6 prior.to

| yophi %38t i on. {noeesqrrﬁqrrehémbewcm drechulldpe aprybdn pratitol 9hé1yp1ﬁ9e1ﬁtqn6n
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agent, preferably mannitol, contributes to the obtaining of a stable cake structure and may allow



formul ation of the invention that conprises or alternatively consists
essentially of or consists ofi (i) at |east one nicotine-virus-Ilike
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GA; e) bacteriophage SP; f) bacteriophage MS2; g) bacteriophage M11; h) bacteriophage MXI;
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| east eofchir&idhiinehy forbhGatibk @ripafot lyepiali £00H,Ug &t Bn@@lpr DShigdnl pref@ably
virus-like particle of RNA bacteriophage QP, and (b) at |east one

ni cot i REMMecul e, wherein said at | east one nicotine nolecule is WO
2007/ 11?@@177}7-PCT/ EE2RMT/ 19%@0%%%% comprising a carboxylic ester functionality with

which the nicotine molecules can be covalently bound to a carmier have been described in US
5876727, US 6656469 and US 6932971. These specific teachings are incorporated herein by
way of reference. Linking sequences usable for the present invention and comprising an ester
functionality, are, for example, the linking sequences termed CJ2, CJ2.1, CJ2.2, CJ2.3, CJ4,
Cl4.1,CJs, CJ5.1, CJ8, CIB.1, CI9 and CJ11 as disclosed in column 17 of US5876727.

[0048] In one preferred embodiment of the present invention, the linking sequence
comprises A-X-CO(0)-Y-Z-B, wherein A represents the nicotine molecule and wherein B
represents the virus-like particle, and wherein X=(CH2)m with m=1-4, Y=(CH2)}n with m=[-8,
and Z= C(Q).

[0049] In a very preferred embodiment, the linking sequence comprises, consists
essentially of, or consists of: CH,OCO(CH,)nCO, wherein n=1-8, preferably n=1-4, preferably

n=1 or 2, and more preferably n=2. In again a very preferred embodiment, the linking sequence



covalently bound to said virus-like particle by a |inking sequence,
wherein said |inking sequence consists of A-Cl-17000(CH2)2C0-B, and

wherein A said nicotine nol ecul e and wher ei sent s
sai d virugﬁﬁgﬁﬁﬁgg?%icle of RNA bact gsi ophage ( 3, and@C g&%@ﬁ%égﬁd

| i nki ng sequence is covalently bound to the 3" position of said

ni cotine nol ecul ' raoduced as describped in VPLE 1 of .US
o 590 5a oS TR CHRLES RIS BRSNS fonoR il g e
Fr eeze Bifepletgiquat waelike pabible. 1: Freeze drying process |. Step Tine
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pyrrolidine ring of the nicotine molecule. Examples hereto are, in particular, disclosed in US
5876727, US 6656469 and US 6932971. In a very preferred embodiment, said linking sequence
is covalently bound to the 3” position of said nicotine molecule.

[0051] The totality of the covalently bound nicotine molecules are either present in the
same absolute configuration, i.e. all nicotine molecules have the (R)-configuration or all
nicotine molecules have the naturally occurring (8)-configuration, or they are present in any
mixture thereof. Preferably, the nicotine molecules are covalently bound such as about an equal
mixture or an equal mixture of both the (R)-configuration and the naturally occurring (S)-
configuration is present. In a very preferred embodiment, the nicotine-VLP conjugate
comprised by the inventive formulations is obtainable or obtained by using a racemic mixture
of nicotine molecules or nicotine derivatives, typically and preferably by using a racemic
mixture of nicotine molecules or nicotine derivatives comprising the nicotine molecules with
said linking sequence covalently bound thereto, for the coupling reaction to the virus-like
particle leading to the nicotine-virus-like particle conjugate in accordance with the invention,
[0052] In onc preferred embodiment, the nicotine-VLP conjugate, preferably nicotine-
VLP of RNA bacteriophge QPB, preferably NicQB is formed from the starting material O-
succinyl-3'-hydroxymethyl-nicotine and the starting material VLP of QB.

[0053] In one preferred embodiment, the stabilizer composition comprises a buffering
agent such as Succinale, Acetate, Maleate, Cilrale, Lactate, Tartrate, Tris, Bis-iris,
Triethanolamine, Tricine, Bicine, Histidine, Aspartate, Glycinate, Glutamate, Lysine, Phthalate,
Formiate, Alanine, Phenylalanine, Arginine and Proline.

[0054] In one preferred embodiment, the buffering agent is selected from the group
consisting of selected from sodium phosphate, potassium phosphate and histidine/histidine HCI,
sodium acetate, sodium succinate. In one further preferred embodiment, the concentration of
the buffering agent is from 10-20mM in terms of concentration in the liquid formulation, or
with respect to the lyophilized formulation, in terms of concentration in the fornmlation prior to
lyophilization, In one further preferred embodiment, the buffering agent is sodium phosphate or
potassium phosphate, preferably sodium phosphate. In onc preferred embodiment, the buffering
agent is histidine/histidine HCl. In one preferred embodiment, the buffering agent is sodium

acetate. In one preferred embodiment, the buffering agent is sodium succinate.
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[0055] In one preferred embodiment, the liquid or lyophilized formulation of the
invention further comprises sodium chloride from 0 to 90mM, preferably from 0 to 60mM,
more preferably from 0 to 30mM. Primarily the inclusion of sodium chloride is to stabilize the
liquid solution or to adjust the osmolarity of the liquid or lyophilized formulations of the
invention.,

[0056] In a further very preferred embodiment, the invention provides a lyophilized
formulation of the invention that comprises or alternatively consists essentially of or consists
oft (i) at least one nicotine-virus-like particle conjugate comprising: (a} a virus-like particle;
and (b) at least one nicoline molecule, wherein said al least one nicotine molecule is covalently
bound to said virus-like particle by a linking sequence, wherein said linking sequence
comprises an ester functionality; and (ii) a stabilizer composition consisting of: (c) at least one,
preferably one single, non-reducing disaccharide, wherein the concentration of said non-
reducing disaccharide is from 0.5% to 15% (w/v), preferably from 3% to 12% (w/v), in terms
of the concentration in the formulation prior to lyophilization; (d) at least one, preferably one
single, non-ionic surfactant, wherein the concentration of said non-ionic surfactant is from
0.0005% to 0.1% (w/v) in terms of the concentration in the formulation prior to Iyophilization;
{(e) a buffering agent, wherein said buffering agent is preferably selected from the group
consisting of sodium phosphate, potassium phosphate, sodium acetate, sodium succinate and
Histidine/HistidineHCI; (f) optionally 0-30mM of NaCl in terms of the concentration in the
formulation prior to lyophilization; and wherein said stabilizer composition has a pH value
from 5.4 to 6.6 prior to lyophilization.

10057] In one alternatively preferred embodiment, the invention provides a lyophilized
formulation of the invention comprises or alternatively consists essentially of or consists of: (i)
at least one nicotine-virus-like particle conjugate comprising (a) a virus-like particle; and (b) at
least one nicotine molecule, wherein said at least one nicotine molecule is covalently bound to
said virus-like particle by a linking sequence, wherein said linking sequence comprises an ester
functionality; and (i1) a stabilizer composition consisting of: (c) at least one, preferably one
single, non-reducing disaccharide, wherein the concentration of said non-reducing disaccharide
is from 0.5% to 15% (w/v), in terms of the concentration in the formulation prior to
lyophilization; (d) at least one, preferably one single, bulking agent, wherein the total
concentration of said non-reducing disaccharide and said bulking agent is from 0.5% to 15%
(wiv), with the proviso that the concentration of said non-reducing disaccharide is at least 0.5%
(w/v), in terms of the concentration in the formulation prior to lyophilization, (e) at least one,

preferably one single, non-ionic surfactant, wherein the concentration of said non-ionic
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surfactant is from 0.0005% to 0.1% (w/v) in terms of the concentration in the formulation prior
to lyophilization; (f} a buffering agent, wherein said buffering agent is preferably selected from
the group consisting of sodium phosphate, potassium phosphate, sodium acetate, sodium
succinate and Histidine/HistidineHCl; (g) optionally 0-30mM of NaCl in terms of the
concentration in the formulation prior to lyophilization; and wherein said stabilizer composition
has a pH value from 5.4 to 6.6 prior to lyophilization.

[0058] In one very preferred embodiment, the invention provides a lyophilized
formulation of the invention comprises or alternatively consists essentially of or consists of: (i)
at least one nicoline-virus-like particle conjugate, preferably at least one nicoline-virus-like
particle of an RNA-bacteriphage, preferably at least one nicotine-virus-like particle of RNA-
bacteriphage QP conjugate, even prelerably NicQB conjugale, comprising (a) a virus-like
particle, preferably a virus-like particle of RNA bacteriophage Qp, wherein the concentration of
said conjugate is preferably from 0.1mg/ml to 2mg/ml, preferably from 0.2 mg/ml to 1 mg/ml,
in terms of the concentration in the formulation prior to lyophilization; and (b) at least one
nicotine molecule, wherein said at least one nicotine molecule is covalently bound to said virus-
like patticle, preferably to said virus-like particle of RNA bacteriophage QB, by a linking
sequence, wherein said linking sequence comprises an ester functionality; and (ii) a stabilizer
composition consisting of: (¢} at least one, preferably one single, non-reducing disaccharide,
preferably trehalose, wherein the concentration of said nonreducing disaccharide is from 5% to
12%, preferably 10% (w/v) in terms of the concentration in the formulation prior to
lyophilization; (d) at least one, preferably one single, non-ionic surfactant, preferably
polysorbate 20, wherein the concentration of said non-ionic surfactant is from 0.005% to 0.1%
(w/v), preferably 0.005% (w/v), in terms of the concentration in the formulation prior to
lyophilization; (e} a buffering agent, wherein said buffering agent is preferably sodium
phosphate, potassium phosphate, sodium acetate, sodium succinate or Histidine/HistidineHCI,
more preferably is Histidine/HistidineHCl, and wherein said stabilizer composition has a pH
value from 5.6 to 6.2 prior to lyophilization.

[0059] The present invention provides a lyophilized formulation comprising or
alternatively consisting of: (i) at least one nicotine-virus-like particle conjugate comprising: (a)
virus-like particle of RNA bacteriophage QP; and (b) at least one nicotine molecule, wherein
said at least one nicotine molecule is covalently bound to said virus-like particle by a linking
sequence, wherein said linking sequence consists of A-CH,OCO(CH,);CO-B, and wherein A
represents said nicotine molecule and wherein B represents said virus-like particle of RNA

bacteriophage Qp, and wherein said linking sequence is covalently bound to the 37 position of
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said nicotine molecule; and (ii) a stabilizer composition comprising: (c) one non-reducing
disaccharide, wherein said non-reducing disaccharide is trehalose, and wherein the
concentration of trehalose is 10% (w/v) in terms of the concentration in the formulation prior to
lyophilization; (d)one non-ionic surfactant, wherein said non-ionic surfactant is polysorbate 20,
and wherein the concentration of polysorbate 20 is 0.005% (w/v) in terms of the concentration
in the formulation prior to lyophilization; and wherein said stabilizer composition has a pH
value of 6.2 prior to lyophilization.

[0060] The present invention provides a lyophilized formulation comprising or
alternatively consisting of: (i) at least one nicotine-virus-like particle conjugate comprising: (a)
virus-like particle of RNA bacteriophage Qf3; and (b) at least one nicotine molecule, wherein
said at least one nicotine molecule is covalently bound to said virus-like particle by a linking
sequence, wherein said linking sequence consists of A-CH,O0CO(CH:),CO-B, and wherein A
represents said nicotine molecule and wherein B represents said virus-like particle of RNA
bacteriophage Qp, and wherein said linking sequence is covalently bound to the 3’ position of
said nicotine molecule; and (ii} a stabilizer composition consisting essentially of or consisting
of: (c) one non-reducing disaccharide, wherein said non-reducing disaccharide is trehalose, and
wherein the concentration of trehalose is 10% (w/v) in terms of the concentration in the
formulation prior to lyophilization; (d) one non-ionic surfactant, wherein said non-ionic
surfactant is polysorbate 20, and wherein the concentration of polysorbate 20 is 0.005% (w/v)
in terms of the concentration in the formulation prior to lyophilization; (¢) one buffering agent,
wherein said buffering agent is sodium phosphate or Histidine/HistidincHCI, and whercin the
concentration of said sodium phosphate or said Histidine/HistidineHC! is 20mM; and wherein
said stabilizer composition has a pH value of 6.2 prior to Iyophilization.

[0061] In a further very preferred embodiment, the invention provides a lyophilized
formulation of the invention that comprises or alternatively consists essentially of or consists
of: (i} at least one nicotine-virus-like particle conjugate comprising: (a) a virus-like particle;
and (b} at least one nicotine molecule, wherein said at least one nicotine molecule is covalently
bound to said virus-like particle by a linking sequence, wherein said linking sequence
comprises an ester functionality; and (ii) a stabilizer composition consisting of: (c) at least one,
preferably one single, non-reducing disaccharide, wherein the concentration of said non-
reducing disaccharide is from 5% to 15% (w/v), preferably 10% (w/v), in terms of the
concentration in the formulation prior to lyophilization; (d) at least one, preferably one single,
non-ionic surfactant, wherein the concentration of said non-ionic surfactant is from 0.0005% to

0.1% (w/v), preferably 0.005%, in terms of the concentration in the formulation prior to



-15 0. 045 Secondary drying 0:01:00 -15 0.007 6:00:00 40 0.007
10: 00: 00 40 0.007 WD 2007/131972PCT/ EP2007/ 054604 19 Reconstitution

of the 'yth Lgabes [0073] As known to a skilled persopeypkPlooHgyIg.of
the anal yses descr i bed bel ow, the 16

lyophilization; () a buffering agent, wherein said buffering agent is preferably selected from
sodium acetate, sodium succinate and Histidine/HistidineHCL; (f} optionally 0-30mM of NaCl
in terms of the concentration in the formulation prior to lyophilization; and wherein said
stabilizer composition has a pH value from 6.0 to 6.4, preferably 6.2, prior to lyophilization,
[0062] In one preferred embodiment, the lyophilized formulation of the invention is
stable for at least 15 weeks, preferably at least 25 weeks, at room temperature or even at
accelerated temperature (40°C).

[0063] In one aspect, the present invention provides a reconstituted formulation
comprising the lyophilized composition of the invention dissolved and/or suspended in a
physiologically acceptable sohution or in sterile water, preferably in water for injection. In
another preferred embodiment, the solution is NaCl solution. Preferably the reconstituted
formulation has a physiologically acceptable osomolarity value.

[0064} In one preferred embodiment, the reconstituted formulation further comprises an
adjuvant, In one further preferred embodiment, the adjuvant is aluminium hydroxide hydrated
gels or aluminium phosphate hydrated gels.

[0065] In one aspect, the present invention provides a process for making the
Iyophilized formulation of the invention comprising the steps of: (i) freezing the formulation
prior to lyophilization by reducing the shelf temperature below -35°C, preferably below -38°C,
preferably below -40°C , preferably below -45°C and preferably below -50°C; (i1) primary
drying the formulation at the shelf temperature from -45°C to -15°C, preferably from -40°C to -
20°C, preferably from -35°C to -25°C, with the chamber pressure below 0.2 mbar; (iil)
secondary drying said (ormulation at the shell temperature (rom 10°C to 40°C, prelerably from
10°C to 30°C with the chamber pressure below 0.2 mbar. The process optionally comprises a
step of drying the formulation at the shelf temperature at from -30°C to ~-15°C, preferably at -
20°C, afier step (i1}, with the chamber pressure below 0.2 mbar.

[0066] In one preferred embodiment, the chamber pressure during primary and
secondary drying is from 0.005 mbar to 0.2 mbar, preferably from 0.020 mbar to 0.2 mbar,
preferably from 0.03 to 0.1 mbar, preferably from 0.040 to 0.05 mbar,

[0067] In another preferred embodiment, the reducing the shelf temperature is carried
out at rate of 0.1°C to 1.0°C/min, preferably of 0.5°C to 1.0°C/min.

[0068] In one preferred embodiment, the process of the invention compriscs the steps
of: (1) freezing the formulation prior to lyophilization by reducing the shelf temperature below -
40°C, preferably below -50°C; (ii) primary drying the formulation at the shelf temperature -
35°C for at least 10 hours, preferably for 20 hours, with the chamber pressure below 0.2 mbar;
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Materials and methods

[0072] “NicQP” — The term “NicQP”, as used herein should refer to at least one
nicotine-virus-tike particle conjugate comprising (a} a virus-like particle of RNA bacteriophage

QP; and (b) at least one nicotine molecule, wherein said at least one nicotine molecule is
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RP- HPLC Content free nicotine derivatives |%of total] at day SE-HPLC
um spacer, Eclipse2 separation system (Wyait Technology Corporation), Agilent 1T00 G1310A
isocratic pump, Agilent 1100 G1379A degasser, Agilent 1100 G1329A autosampler, Agilent
1100 G1330B thermostat for autosampler, Agilent 1106 G1365B MWD detector, Agilent 1100
G1362A RI detector and Wyatt DAWN EOS MALS detector,
[0075] The channel flow was 1.5 ml/min. The cross flow was 2.0 ml/min for 18
minutes, subsequently reduced to 0.15 ml/min in 15 minutes and held for 5 minutes at 0.15
ml/min. In a final step the cross flow was (.0 ml/min for 5 minutcs.
[0076] The concentration of VLP was determined at 260 nm with the MWD detector.
The Wyatt DAWN EOS MALS detector was used for the determination of the hydrodynamic
radius and the molecular weight of VLP species. An amount of around 20 pg VLP from the

liquid formulations and reconstituted lyophilizates (reconstituted with water as described

above) were injected into the AF4, respectively.

Differential scanning calorimetry (DSC) measurements to determine glass transistion
temprature

(0077} DSC measurements were conducted with a Netzsch Differential Scanning
Calorimeter 204 Phoenix. Typically, I to 25 mg of the sample were weighed into aluminium
pans. The pans were then tightly closed with an aluminium lid, using a universal closure press.
The reference pan remained empty and was prepared in the same way. The pans were placed in
the measuring cell. The cell was flushed with nitrogen. The samples were measured at a heating
rate of 10°C/min.

[0078] The glass transition temperature, Tg, of the Iyophilizates was determined by

means of single DSC scans.
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Water content analysis

[0079] Moisture content measurements of the lyophilizates were conducted with a
coulometric Karl Fischer titrator with a head-space oven (Analytic Jena AG). The lyophilizates
were measured right in the 2R glass vial at a head-space temperature of 80°C. The samples

were heated in the oven chamber for at least 5 minutes.

Dynamic light scattering (DLS) measurements to determine homogeneity of formulation

[0080] Dynamic light scatlering measuremen(s were conducted with a Malvern
Zetasizer Nano ZS apparatus. 0.5 to 1.0 ml of the liquid formulation or the reconstituted
lyophilizates (reconstituted as described above) were pipetted into UV micro cuvettes
Plastibrand and measured applying a validated LMU Munich standard protocol (SOP
protein_ m_99%). The polydispersity index PI, the proportion of the main NicQb peak and the

main peak size applying the volume conversion and intensity models were calculated.

Light blockage measurements to determine particle contamination and VLP aggregates

[0081] Light blockage measurements were conducted with a PAMAS SVSS-C
apparatus. The system was flushed with a part of the formulation and subscquently 0.1 - 0.3 ml
of the liquid formulation or the reconstituted lyophilizates were assessed for particle
contamination. The solution was drawn through the measuring cell and the amount of particles

larger than 1, 10 and 25 pum calculated per ml was determined.

SE-HPLC —~ RNA integrity

[0082] The particles were homogenized in TRI-Reagent (a combination of phenol and
guanidine thiocyanate in a mono-phase solution to inhibit of RNase activity) followed by RNA
extraction with 1-bromo-3-chloropropane (BCP) - Phase Separation Reagent. Extracted RNA
was precipitated with isopropanol and the pellet washed with ethanol. The RNA was then
dissolved in DEPC-H,O and analyzed by HPLC (monitoring effected at Ajzgpnm, iSocratic
elution). The retention time of the extracted RNA was determined relative to a tRNA standard

analyzed in the same series.

RP-HPLC — free nicotine
[0083] The soluble nicotine derivatives hydroxymethyl-nicotine (due to hydrolysis of

the ester bond) and succinyl-hydroxymethyl-nicotine (due to degradation of the amide bond)
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were separated from the NicQP by filtration in spin filters. The flow through was analyzed by
RP-HPLC (Azsonm - absorption wavelength of nicotine and nicotine derivatives). The
concentration of the nicotine derivatives was calculated from the regression of a nicotine
standard curve performed in parallel. The values for free nicotine were given in percentage of

total nicotine,

RP-HPLC - total nicotine

[0084] The nicotine moiety covalently linked to the QP protein was quantitatively
cleaved during 3 h incubation at 40°C and pH > 11, after which proteins were precipitated. The
hydrolysis product Hydroxymethyl-Nicotine remained in the supernatant and was quantified by
RP-HPLC (Aa60 am) Using a nicotine standard curve, as both the hydrolysis product and nicotine

share the same chromophore.

SE-HPLC — VLP integrity

[0085] SE-HPLC is an analytical method to separate different compounds in a sample
according to their size, Thus large QP particles can be separated from smaller molecules, e.g.
the QP coat protein monomers or nucleic acid fragments and therefore the method was used to
confirm the integrity of the VLP, The method was also used to confirm purity of the drug
substance. As a control a VLP standard was analyzed with the sample in the same series.
Detection was performed at 260 nm. Product-related impurities may be protein aggregates,
smaller cleavage products and/or nucleic acids. All these product-related impurities were
detected by SE-HPLC, which has been shown to be capable to separate these impuritics from

the product peak. For detection, a wavelength of 260 nm is used.

Turbidity measurements

[0086] The degree of opalescence of liquid sample solutions was determined using a
laboratory turbidimeter (2100 AN, HACH company). Turbidity measurements were performed
by ratio turbidimetry which deiermines the ralio of transmitted light and light scattered by the
particles in the sample solution. The instrument was calibrated using formazin turbidity
standard suspensions in defined sample cells. For measuring sample volumes of 1-5 ml in
smaller test tubes a user-defined calibration curve was established in a range of 0-200 NTU. 1
ml of sample was measured in disposable glass test tubes to which silicon oil has been applied

in order to reduce scattering effects caused by the glass.
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VIS-Transmission measirentents
[0087] The transmission measurements were conducted with a double-beam UV/Visible
Spectrophotometer UV (Thermo Spectronic). 0.5 to 1.0 ml of the liquid formulation were

pipetted into UV micro cuvettes Plastibrand. The transmission at 600 nm was determined.

EXAMPLE 2
Effect of pH on the stability of NicQp

[0088] The stability of NicQP was analyzed at ten different pH’s in the range of 4.6 to
8.2, The pH of the bulkware was adjusted by vsing either a 0.1 N NaOH solution or a 0.1 N
H3;PO, solution. All samples were diluted to a concentration of I mg/ml NicQP using water.

The samples were stored at room temperature up to 14 days. The results are shown in Table 3.

Table 3: Results - pH stability study NicQB#

RP-HPLC SE-HPLC DLS
Content free Main peak
nicotine (determined by using the
derivatives Main peak Pl intensity conversion model)
[% of total] at day Rel. peak area at
pH 7 day 7 [Y0]
4.6 1.7 98.5 0.26 82.9
5.0 1.5 98.2 0.23 89.8
5.4 1.9 97.8 0.20 93.6
5.8 1.6 97.3 0.21 91.8
6.2 3.1 97.1 0.19 94.3
6.6 3.9 96.6 0.17 94.0
7.0 7.2 96.3 0.14 68.9
7.4 i1.1 91.4 0.12 100.0
7.8 22.6 89.1 0.08 100.0
8.2 34.8 84.0 0.10 100.0
[0089] The chemical stability of NicQp was investigated using RP-HPLC and SE-

HPLC methods. Chemical instability of NicQ results in the degradation of the VLP into
monomers or multimers of the Qf coat protein and/or the disassociation between the nicotine

and the VLP of Qp.
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freeze/thaw cycles by DLS measurements and by light blockage measurements.
[0093] Effect of trehalose and the addition of polysorbate 20 — Formulations comprised
0.2mg/ml NicQp, cither 0 or 10% trchalosc, pH=6.4, 30mM NaCl with or without 0.005%
polysorbate 20. The results of DLS-measurements obtained with the trehalose containing
formulations without polysorbate showed a slight decrease of the main peak and an increase of
the PI. Thus trehalose led to a slight increase in the aggregation level of NicQP. However, this
effect could be prevented by the addition of polysorbate 20. The light blockage results
supported the DLS measurements. A significant lower number of particles > 1 um was detected

in the polysorbate 20 containing formulations after the freeze/thawing as compared to the

number of particles > 1 pm in the formulations without polysorbate.
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were placed onto the vials. The vials were transferred into the Iyophilization chamber of a
Christ Epsilon 2-12 D freeze drier (Martin Christ Gefriertrocknungsanlagen GmbH). Shelf
temperature was lowered at 0.5°C to 1.0°C/min to -40°C and held below -40°C for 3 hours.
Chamber pressure was then reduced to 0.045 mbar, the shelf was ramped to -35°C at 1°C/min
and held for 20 hours. Afterwards the shelf temperature was raised to -20°C at 0.1°C/min and
held for 10 hours. Subsequently the shelf temperature was raised to 20°C at 0.5°C/min and held
for 10 hours. The lyophilization chamber was then aerated with filtered dry nitrogen to 800
mbar and the vials were capped in the lyophilization chamber. The vials were removed from the
chamber and sealed with Flip-Off® seals. After freeze drying stable lyophilizates were
achieved, sufficient cake structure was given.

[0098] The results are shown in FIG. 2. Thus the lyophilizates from formulations prior
to lyophilization with varying Nic-Qb (tested from 0.2mg/ml to 2.0mg/ml), trehalose (tested
from 5% to 10%), polysorbate (tested 0.005 to 0.01%), NaCl concentrations ( from 0 to 60mM)
all had a moisture content less than 1 %. The sum of the amounts of NicQp-oligomers and
NicQp-aggregates of the above mentioned formulations did not increase more than 1% after
freeze-drying in comparison to the formulation before freeze-drying, as analyzed by AF4. The
DLS measurements showed that these formulations had polydispersity indices (PI) typically
equal and below 0.2 and the proportion of the main NicQP peak was higher than 98.5%
respectively, as determined by using the volume conversion model. The performed analytical
measurements led to the conclusion that these above mentioned formulations were capable of
stabilizing NicQb in the concentration from 0.20 mg/ml to 2 mg/ml.

[0699] F22RIL., which did not contain polysorbate 20, had a polydispersity index (PI)
value around 0.35. Furthermore, the sum of the amounts of NicQp-oligomers and NicQp-
aggregates increased about 5.5% after freeze-drying in comparison to the formulation before
freeze-drying. These results showed that non-ionic surfactant is necessary for the prevention of
VLP aggregation.

[001060] FO8RL, F39RL, F37RL, F38RL comprised 30mM, 60mM, 90mM and 150mM

sodium chloride respectively. While the presence of polysorbate 20 compensated the effect of
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NaCl (at a concentration equal and below 60mM) on the physical stability of NicQB, (FOSRL
and F39RL had no substantial increase of the amounts of NicQR oligomers and NicQp-
aggregates after lyophilization), the presence of polysorbate 20 only partially compensate the
NaCl cffect at NaCl concentrations equal and higher than 90 mM as the sum of the amounts of
NicQB-oligomers and NicQP-aggregates increased 2.8 and 3.5% after freeze-drying.
Furthermore the presence of equal or higher than 90mM NaCl resulted in osmolarity values
higher than 400 mosm/kg.

EXAMPLE 5

Testing of mannitol/trehalose compositions as stabilisers for NicQf during freeze-drying

Table 4: Formulations

. Polysorbate Buffer and . Trehalose
Formulation NicQB y20 molarity Mannitol dihydrate | pH
[mg/ml] [%] [mM] [%6] [Yo]
Potassium
F30RL 1.0 0.005 phosphate 4.0 1.0 6.2
20
Potassium
F32RL 1.0 0.005 phosphate 53 1.3 6.2
20
Sodium
F42RL 1.0 0.005 phosphate 4.4 i.1 6.2
20
Sodium
F54RL 1.0 0.005 phosphate 5.0 0.0 6.2
20
[00101] Four formulations (F30RL, F32RL, F42RL, F54RL in FIG. 1) were produced

substantially the same as described in EXAMPLE 4. The filling volume of the vials was 0.6ml.
The formulations F30RL, F32RL and F42RL were lyophilized briefly under the following
conditions: Shelf temperature was lowered at 1.0°C/min to -50°C and held at -50°C for 3 hours.
Chamber pressure was then reduced to 0.045 mbar, the shelf was ramped to -15°C at
0.15°C/min and held for 20 hours. Altematively, the fornulation F42RL and F54RL were
lyophilized applying the same freeze drying process but including an annealing step conducted
at -15°C for 2 hours. Subsequently the chamber pressure was reduced to 0.007 mbar and the

shelf was ramped to 40°C at 0.15°C/min and held for further 10 hours. The lyophilization
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chamber was then aerated with filtered dry nitrogen to 800 mbar and the vials were capped in
the lyophilization chamber. The vials were removed from the chamber and sealed with Flip-
Off® seals
[00102] The results were partially shown in FIG. 2. After lyophilization stable
lyophilizates were achieved and sufficicnt cake structure was obtained. The moisture content of
the three lyophilized formulations was typically below 0.3 %. The osmolarity of the
formulations was typically in the range of 250 to 340 [mosmv/kg]. The osmolarity increased
with increasing trehalose and mannitol concentrations.
[00103] The mannitol fraction in {ormulations F30RL, F32RL and F42RL produced
without applying an annealing step was amorphous or partially amorphous. The mannitol
fraction of formulation F42RL and F54RL produced by applying an annealing step was
crystalline after freeze drying.
[00104] The formulations F30RL, F32RL and F42RL showed no significant clear
increase of the sum of the amounts of NicQB-oligomers and NicQB-aggregates after freeze-
drying as analyzed by AF4 measurements. The DLS measurements showed that the three
formulations had polydispersity indices (PI) below 0.2 and the proportion of the main NicQp
peak was typically higher than 99 %, as determined by using the volume conversion medel. For
formulation FS4RL an increase of the sum of the amounts of NicQp-oligomers and NicQf-
aggregates after freeze drying could be determined via AF4.
[001065] Light blockage measurements showed that the particle contamination of the
reconstituted lyophilizates was typically below 100 particles > 10 pm per mil and the amount of
particles > 1 pm was typically below 2000 particles per ml. These results showed that a mixture

of trehalose and a bulking agent, such as mannitol, can stabilize the NicQf during freeze

drying.
EXAMPLE 6
Stability studies of freeze dried NicQp formulations
[00106] Five formulations F42RL, F35RL, F10RL, F16RL and F54RL were produced

substantially the same as described in EXAMPLE 4 and EXAMPLE 5. The filling volume of
the vials was 0.6ml.
[00107] The formulations containing trehalose only (F35RL, FIORL, F16RL) were

lyophilized under the following conditions: Shelf temperature was lowered at 1.0°C/min to -
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60°C to 110°C and was not altered significantly during storage. The osmolarity of the
formulations was in the range of 300 to 350 [mosm/kg].

[00112] The initial moisture content of the lyophilized formulations was below 1.0 %,
The moisture content of the lyophilizates stored at 2-8°C and 25°C was stable throughout the
storage for 25 weeks with an increase of water content of less than 0.5%. The lyophilizates
stored at 40°C led to slightly increased moisture contents; the water content after storage was
typically below 1.7 % compared to about 1% before storage.

[00113] The sum of the amounts of NicQB-oligomers and NicQB-aggregates did not
increase in the trehalose or trehalose/mannitol based formulations afier freeze drying as

analyzed by AF4 measurements. After storage a slight increase of less than 3 % in comparison
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lyophilization and following storage, even at accelerated temperatures (40°C).
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| yophi l'i zed for mu{@hi @8t 6RMMH-RhdQurfactant, wherein the
concentration of the non-ionic surfactant is from 0.0005% to 0.1% (w/v)
in terms of the concentration in the formulation prior to lyophilization; and wherein
the stabilizer composition has a pH value from one of 5.8 to 6.6 and 6.0 to 6.4 prior to

Iyophilization.

2. The lyophilized formulation of claim 1, wherein the non-reducing disaccharide is

sucrose or trehalose.



(i) at least one nicotine-virus-like particle conjugate conprising:
(a) a virus-like particle, and (b) at |east one nicotine nol ecul e,
wherein the at | east one nicotine nolétule is covalently bound to the
virus-like particle by a linking sequence, wherein the |inking
sequence conprises an ester_ functionality; and (ii) a stabilizer
conposi thon ddaprarsilizgd fpmylagen piddym ]o‘PFeZ NEsLeietde spmpddsisacchar i de,
wherein the concentration of the non-reducing disaccharide is from

0. 5% t o dis9shanAeds tiehalpes: ms of the concentration in the fornulation
prior to |yophilization; (d) at |east one non-ionic surfactant,
wherein the concentration of the non-ionic surfactant is from 0.0005%
to 0.1% (W v) in terns of the concentration in the formulation prior
to | yophi.li z&thedyuphiized fulmankziion bheyshabf the pescedionpiainist wbereldabe a pH
value fromone of 5.8 to 6.6 and 6.0 to 6.4 prior to |yophilization.

2. The | yopktintraddtoffths sfutaat dehodfredioRicMishechehEs Rifidrt 19 16 04 (RAY & Rns
di saccharide is sucrose or trehalose. 31 3. The |yophilized

for mul atdren Qhed@iio th 1 fofmuMBsH Hid? t§ NepRARitiogduci ng di saccharide is
trehal ose 4. The lyophilized formulati'on of any one of the preceding

clainms, wherein the concentration of the at |east one non-reducing
di saccharide is from3%to 12% (wWv) in terns of the concentration in

the forrul ati ri il 4zation 5. The l.yophilize -
for mul atton of Qéﬂoyh}g%‘%& gof’l“ ?{%{egggblrﬁe%@ F‘%&f%l Fﬁ%%&“%ﬂé?’@r Wl"frﬁlgqhe stabilizer
stabilizer ca og}i thi on further con'gri ses a bul ki ng agent.

compostuon further comprises a bulking agent.

6. The lyophilized formulation of claim 5, wherein the total concentration of the non-
reducing disaccharide and the bulking agent is from 0.5% to 15% (w/v) in terms of the
concentration in the formulation prior to lyophilization, with the proviso that the
concentration of the non-reducing disaccharide is at least 0.5% (w/v) in terms of the

concentration in the formulation prior to lyophilization.

7. The lyophilized formulation of claim 5 or 6, wherein the bulking agent is mannitol.
8. The lyophilized formulation of any one of the preceding claims, wherein the
concentration of the non-ionic surfactant is from 0.0025% to 0.01% (w/v), in terms of

concentration in the formulation prior to lyophilization.

9. The lyophilized formulation of any one of the preceding claims, wherein the non-

ionic surfactant is polysorbate 20.



6. The lyophilized fornmulation of claimb5, wherein the total
concentration of the non-reducing disaccharide and the bul ki ng agent
is from0.5%to 15% (W v) in ternms of32he concentration in the
formul ation prior to |yophilization, with the proviso that the
concentration, _of the non-reducing disaccharide is at |east 0.5% (wv)
in ternmgYof thelxoshiigst oaprighon of anpent o thepreceding glpimsy whegein the virus-

| yophi l'i zation. 7. The |yophilized fornulation of claim5 or 6,
wher ei n l&kBeatgleks nyiraglln parteclaeinn RIA bactgriophhge Qf.ophi | i zed
formul ati on of any one of the preceding clains, wherein the
concentration of the non-ionic surfactant is fromO0.0025%to 0.01%
(Wv), in terns of concentration in the fornulation prior to

| yophi | il2at i Ghe lyophilifefokyolptitor ofz@¢ chooNtit piecaling®dlaiaRywhein e lidkeng
precedi ng cl ainms, wherein the nonionic surfactant is pol ysorbate 20.

32 10. s\ﬁ}ﬁn&e}’@ﬂﬁhﬂs bz aCHDMODIGH ) ,QD-Bf whAd¥in R pRkertdiBe RIcBEEShIGcule
cl ai ns, erein the virus-like particle is a virus-like particle of

an RNA Qﬁ@h@&@gﬂ@@g@mg%gﬂw\%%&ﬁigﬁmhy@phiIized formul ati on of any one
of the preceding clains, wherein the |I'inking sequence consists of

A- CH2OCQ( CH2) 2C0- B, wherein A represents the nicotine nolecule and
wherein B represents the virus-like particle. 12. The lyophilized

bound 82 ne 3¢ SRR i NE GO 4G, 11 BIER BT USRS fgnébe R Bviiandy

| yophi li.zed. f | at.j.on any.one of .the preceding clains, wherein

t he staﬁPFWEQEﬂ%%ﬁﬁﬁb???ﬁ%ePﬁ¥Wﬁ€FO% ri ses Histidine/HistidineHC

as a buffering agent. 14. A lyophilized formulation conprising: (i)
at | east one nicotine-virus-like particle conjugate conprising: (a) a
virus-like particle of RNA bacteriophage Q 3; and (b) at |east one

ni cot i nd3nol d8aivephilized formplatien of ank eneef the Arpeedingeclims ovharein i ssabilizer
is covalently bound to the virus-like particle by a |inking sequence,
wher ei n compodifinkiurthersenqpaissdlisihing/HisgdiotHACH2000e0M2)RE0- B, and
wherein A represents the nicotine nolecule and wherein B represents
the virus- like particle of RNA bacteriophage QC, and wherein the

| i nki ng sequence is covalently bound to the 3' position of the

ni cot i na4nol eclybghiliasddofiuldtion cemphsihg:zer conposition conprising: 33
(c) one non-reducing disaccharide, wherein the non-reducing

di sacchari de (i) &t lbdsebiad F6Rineats WRE patible LhFusADRNsalgt on of trehal ose
is 10% (wv) In terms of the concentration in the fornulation prior

to I'yophilizati ongya virus-like particle of RNA bacteriophage QB; and

(b) at least one nicotine molecule,

wherein the at least one nicotine molecule is covalently bound to the virus-like
particle by a linking sequence, wherein the linking sequence consists of A-
CH;0CO(CH;),CO-B, and wherein A represents the
nicotine molecule and wherein B represents the virus- like particle of RNA
bacteriophage Qf, and wherein the linking sequence is covalently bound to the 3'
position of the nicotine molecule; and

(ii) a stabilizer composition comprising:



(d) one non-ionic surfactant, wherein the non-ionic surfactant is

pol ysorbate 20, and wherein the concentration of polysorbate 20 is
0.005% (W v) in terns of the concentraiion in the fornulation prior
to I'yophilization; and wherein the stabilizer conposition has a pH
value of from6.0,to 6.4, pri.or I%A] ophi |izatjon. 15 A lyophiljzed
formul ati on conpr f ioﬁa?mr('fe%“%f?g f e VAPEB IgRenTerpdng digacchasideic) e
conj ugate conpri_sing: . (a) a virus-like particle of RNA

bact er i ophagdrebglase, awhassin dhe qopgaptratipieotirebalopais 1A @éQli terms of the
wherein the at |east one nicotine nolecule is covalently bound to the
virus-1ike p&ergepiratianyin thel fompilatipneeigu riyephilidationi n t he |i nki ng
sequence consists of ACH2OCQ( CH2) 2C0- B, and wherein A represents the
ni coti ne nol ecul e(@rde whetminsuBfactemy ebanringhd e-ohicusefhdtdes iggmitsobbe of
RNA bact eri ophage Q, and wherein the |Iinking sequence is covalently
bound to the 28; andogictdio theabnicdhirativnadpblyeorbatt 20 i @006 tv/v) in)terdns of the
stabilizer conposition consisting of: (c) one non-reducing

di sacchari de comdeafrgion ih i BRMARAYENE 9bSagsRss; de is trehal ose, and
wherein the concentration of trehalose is 10% (wv) in terns of the

concentrat i oRnj fihbies thOSAMIiAL IORpBYiHN hat 3 PR dristdt 6.6% 6.4, prior to (d)

one non-ionic surfactant, wherein the non-i1onic surfactan

pol ysor bat e nidigpherein the concentration of polysorbate 20 is

0. 005% (W v) fterms of the concentration in the formulation prior
to lyophilization; 34 (e) one buffering agent, wherein the
buffering agent is Histidine/H stidineHCL, and wherein the
concentratio f the Histidine/H stidineHCL is 20nVM and

wher ei n 1(t:blhe &Wblﬁﬁeggo%%%?wwlﬁ% a pH value of from6.0 to 6.4,
prior to |yophiljzation. 16. The |yophilized fornulation of any one of
the precedi n§V i 5ishene Rrer AriehikC pogpiicPIReHe FSRRRNME i on i s stabl e
at roomtenperature for at |east one of 15 weeks and at | east 25
weeks. {a) a virus-like particle of RNA bacteriophage Qg@; and

(b) at least one nicotine molecule,

wherein the at least one nicotine molecule is covalently bound to the virus-like
particle by a linking sequence, wherein the linking sequence consists of A-
CH,OCO(CH;).CO-B, and wherein A represents the nicotine molecule and wherein B
represents the virus-like particle of RNA bacteriophage Qg, and wherein the linking
sequence is covalently bound to the 3' position of the nicotine molecule; and
(i) a stabilizer composition consisting of:

(c) one non-reducing disaccharide, wherein the non-reducing disaccharide is
trehalose, and wherein the concentration of trehalose is 10% (w/v) in terms of the
concentration in the formulation prior to lyophilization;

(d) one non-ionic surfactant, wherein the non-ionic surfactant is polysorbate
20, and wherein the concentration of polysorbate 20 is 0.005% (w/v) in terms of the

concentration in the formulation prior to lyophilization;



34

(e) one buffering agent, wherein the buffering agent is Histidine/HistidineHCI,
and wherein the concentration of the Histidine/HistidineHCI is 20mM; and
wherein the stabilizer composition has a pH value of from 6.0 to 6.4, prior to

lyophilization.

16.  Thelyophilized formulation of any one of the preceding claims, wherein the
Iyophilized formulation is stable at room temperature for at least one of 15 weeks and at least

25 weeks.



