NI COTI NE- CARRI ER VACCI NE FORMULATI ON BACKGROUND OF THE
| NVENTION Field of the Invention [0001] The present
wopensisen is in the fields of nedicine, vacciPer/armo7/054604
phar maceuti cal fornulation. The invention provides
formul ati ons conprising a nicotine-virus-like particle
conjugate and a stabilizer, wherein said stabilizer
conpr i - |@¢€; PNYLA TesNi oni ¢
surfac?§§¥?rﬁﬁg/ﬁgggﬁgﬁgiga o?ﬁg{ggﬁ%ns a?% stabl e
after a long tinme of storage at roomtenperature.
Rel ated Art [0002] Vaccines for the treatnent or
BACKGROVTY OPNTRE IRVENTION addi ction have recently
attracted public attention. These vaccines typically
contain nicotine nol ecul es which are coval ently bound
to a carrier, since nicotine is a | ow nol ecul ar wei ght

. ni c.conmpound and not capable of eliciting an
Field ofﬁh%‘ﬁnﬁfgnt on

esponse by itself. Mreover, since nicotine
does not possess suitable f tional groups.for such a .
[0001] i ndi hBE PESsentdRYSniigR IS fth e beldfoatiEvHisieor aGing e plgrmaceutical

formulati6HY FRE Bl dHiBnt SBviaks FoirnBatiBk e&Hﬁfr?Siriﬁs al ﬂi@i}%—\lfiﬁs-like particle
requi red. The devel opnent of several vaccines has
conjugateeqeind btgbibieemn wherpor taed stabibzerecommises & notSdbicBigalish2aharide and a

. US 6'.232' 082, , US 6' 656' 469 and US 5 932’ 97| - The
non-lonbceglgﬁ%@aoﬁben}yaa T ﬁ%fn“g%ﬂoys VE $12PI 41158 anlopglgng Pl storage at
room tehip@ra€@tr i er but also in the nature of the Iinking

sequence and the site where the |Iinking sequence is
i ntroduced into the nicotine. [0003] US 6'932' 971
Related%cribes the coupling of nicotine nolecules to a
virtus-like particle (VLP) by a |linking sequence with
[0002] an esVegcihdsnel ithd alehinyent tAdIreVe@lioR AMiestHher RIdicddE have recently
repetitive nicotine-carrier conjugate and |eads to the,
attractedh rryfplie t4tisAtiQE Riqgh Yacewes dypiplbocpifalins piseting gnolecules which are

covalenglg)tﬂoﬁf?&i LS cark £ .sﬁﬁggli@o%p ® 2 _1%19-\{1%15&1‘1:3?%%@‘[?&3% Eﬂ&fyound and

vacci ne con%r|3|n a virus-11ke partic
not caphblet @i elogtiag an Gmuewtdspdnsai Igoitseie Molw@eti, esncar @cotine does not

covalently bound by a |inkjng sequence with an ester .
Possessfsi:}ﬁg%l‘? StnstioRy) eZeiporiar sioh G BETBEL0 AR oM iy s lg P linking
sequendggr_ltggﬂ@HQOﬁMB%Eul% is@ypicBH reqdired. MREWBvel&RP&t of several vaccines

: 2031-40). [0004] %he regﬁlrenent of vacci ne
has recantprpesn teported, tior dxempteainl &S a¥F61787nURINE 08, Usv@ibdo’469 and US

o952 KR TSR SuBNE B OSIA T  6F er BE S
nature &fQAY iIinRARNeguPMMARYh Chitel e e NMENAL D L8Rt iVhtiaU&d into the

~ now surprisingly found a |yophilized formnulation that
nicotingst abi | i zes

[0003] US 6°932°971 describes the coupling of nicotine molecules to a virus-like
particle (VLP) by a linking sequence with an ester functionality, that forms an ordered and
repetitive nicotine-carrier conjugate and leads to the production of high titer of nicotine-specific
antibodies. The same authors have recently shown that a vaccine comprising a virus-like
particle of an RNA bacteriophage QP to which nicotine molecules are covalently bound by a
linking sequence with an ester functionality can be efficacious for smoking cessation in humans
(Maurer et al., Eur. J. Immun. 2005 35:2031-40).

[0004] The requirement of vaccine compositions to be stable and to minimize or avoid
chemical and/or physical degradation implies the need of development of formulations

satisfying such requirements.



nicotine- virus- like particle conjugates which
contain nicotine nolecules covalently bound to the
woksaasiorke particle by way of a |inking sequePCEEP2007/054604

whi ch conprises at | east one carboxylic ester

functionality. Mreover, we have surprisingly found

that this Iyophilized fornulation is stable over a

| ong period of storage tine at roomtenperature or

even at accelerated tenperature (40 0C). In addition,

t L1 | ati on of the present invention
SUB@M@@ﬁ%k&ﬁﬂgtiﬁ§ﬁﬁﬁﬁ§$gﬁd econom c stabilizer conposition

due to a m ni mum nunber of excipients included

therein. [0006] Thus, in one aspect, the invention
[0005] pr ovi ®éss havde y@phusmpmemlgfyorfmndatal lynphlbﬂm ifgimgatiqni yhaat stabilizes
nicotine- \é)lrr,‘r%s-hl?enﬁarﬂcl(a c)onﬁleg\e}‘yeF ;iu?h %r?t%%ral%&%tlme mgpeghltag)coxéetlenﬂy bound to
the virds@&etpagtitde B?r Gatyl cfea Makiag bkquendé)arigtn cﬁﬁpﬂse@taﬂl@’sﬁbn@ B&boxylic

ni cotine nolecule is covalently bound to sa
ester fupgtiqnality; Réorpaeri wp dary SEPIFIRRVNIGURE Hiae e, lquéﬂ@ﬂ rformulation is
stable oﬁ%nagltolhg ﬁg ék?g/ffs?&&%é‘%&{e %P%rrl t%ﬁﬁ)rztl%glerg %%: g‘;r%loa% a%celerated temperature
(40 °C)c drpddisiomghe (wophiized dasiulaten oltherpeetaai mgention compr1ses a simple

di saccharide, wherein the concentration_of  sa
and ecoaw%%&a%ffeﬁ omPasiderhdis @& mEumyRgAumbSHHk f‘&%%ti {elpplog fherein.
10006] t er TRl t e GRNG Eattﬁeorlnbé}ufohe ﬁ&&&@é‘ &t IIQUPHRATAQT fdifhulation

| yophi 1 zation; ( at | east one non-ionic surfactant
compmmitg r(@i at ltdse ono mienine-avirughiko fpagaild corgugato ndmpsting: a@d am1rus-11ke

0 0
particle; ?ﬂiéﬁﬁg Otggl‘ﬂsel/l?lll‘(::(?‘[ﬁlg q]iérﬁgxms,a%vpggmés%dg?t lg%sttorr]lg nicotine molecule is
covalen'tlyolﬁ’cmﬂd' 7Athi@NvinAnkepatglcnby &l dinkin@bidquésde, wherein said linking
conposition has a pH value from5.4 to 6 6 prlor to
sequendeyaopirispsz an CLer. fupe@@m}lty, rang ok hétabégp@ eempqsieon comprising: (c) at
least OPyOS%LFe%ﬂ%% gs acaha 1(|1 5n oefc’et%ll’le&lren GOIX eln%ﬁuon[ d)éoéﬁm non—reducmg
disacch&iidd k fRAO0.5ES toalSPEEl/v) itherhWRht comceptraionda $h@formulation prior to
reconstituted formul ati on conprising the |yophilized
Iyophiliggfiamy (Rrat dagsionetioe-iPhig sHEREMLIVELEINEE cafgniG#tion of said non-ionic
surfactan} ?S%crnq %Q)O'Og%ato RIS '(Q/I \@Qh téthns %??I%DJ ?lpétﬁraﬁgh W {h% rfoﬁﬁulht%n prior
steri , prefera i N water I nj ect
to lyopHiMEdtjon; hmd @zhémrrt daddt stpbﬂifzﬁfdoﬁ!j)oemmbﬂ dhiasre ] Vatltike from 5.4 to 6.6 prior
ﬁconstltuted formul ation further conprises an
to lyophilizalioBnt . DETAI LED DESCRI PTI ON OF THE | NVENTI ON[ 0009]
[0007] Unl esf, gefhdelpQl @k Whwi&iioR |proi&GHN hiRkbssaie n‘f’aq(hr@qﬂl'eflgl&phlhzed
ternms used hereln have the sane neanlngs as conmonly
formulatindef $tcawdenbynone of ordinary skill in the art to

whi ch, t hj in entlon be| ongs. ] 0010 uvant i
100081 01 =i, il AT b GO Esirop cpRmides L By fqymulation
comprls?fﬁ% e dphfiRl fohtulbilvMRE theSREARRNOdisSIRS anees stdpehded in a

ow generation of a depot in the host which when

physiolegiedd iapeaptahila solutinn erds sionide wagr.ghakcrkbeint wetal for injection (WFI). In
a furthe?rg{gf)eq“?edt Inﬁ:ﬂ)d%l{lgrﬁ P& tréc%%t%ﬁte& ffo#nﬂu?atﬂmﬁ%ﬁﬂér coﬂl\f)%lgésl A adéuvant

A variety of adJuvants

DETAILED DESCRIPTION OF THE INVENTION



can be used. Exanples include conplete and inconplete
Freund' s adjuvant, al um num hydroxi de and nodifi ed
wonwoanylodt pepti de. Further adjuvants are m neredT/8R1087/054604
such as al um num hydr oxi de,3 surface active substances
such as lysolecithin, pluronic polyols, polyanions,
10009] PEP! | fifess BliincABHhcHhRASall Keefied ol sBRRG ORIRE YA Miein have the
di ni trophenol, and potentially useful human adjuvants
same nsachgass B@@n@dmah}c iuntigstCall et ome Glierdimgryaskall in the art to which this
: .Cq%%ﬁfbacteriun1parvun1 Such adjuvants are al so well
mventiqn bONESn the art. Further adjuvants that can be
[0010] adm naghRb&d THE tdind NRHGARNP QS IkéPASR refdd€td AMETeLPIR stimulators
i ncl ude, but are not f|n1ted to, Monophosphoryl Iipid
of the iinmwmA @m@nﬁe@r@pbst%egﬂ@k aﬂ@@&en@mo e in gRIhgO®hich when
comting] L S S Gy S o ARl €2 peen
inventio’riﬂ Ay GosIdd S&@ ah éﬂdﬁhﬂbl@ @haﬁd&ﬂ&ﬁlﬁﬁb%@mﬁ@é A Vafetas adjuvants
been generally descri bed as an adjuvant. However, the
can bey myeh gEd@leNFaintnc ludgs corpplgtoniangi lﬁcwﬁﬁle@oﬁfwswdwm% aluminum
P qh a n
hycron B P Bl FR B R Al T O S b e puch oo
alummu:m) byadroxidd, Psulff4i@1 h¢tivéoaubpamebei such The lyﬁﬂemlthﬁoapluromc polyols,

polyanifisopeithies L SR gﬁ%@? %ﬁgﬁbﬂ&%w%?%g@ Shlgomieby b 4hd potentialy
useful Iﬂlﬁrﬁﬁleddfhvaﬂtrs eh&f stBVlGa(bﬁb‘ihH TaimOfe Budtah) Lé'hﬁlCd\;{zlﬂé%thielgumebarvum.

virus, preferably of an RNA-bacteri ophage, ichis _
Such adya\ptatsl age alfso yaillngnownciortho pidt Edthentdjumants thas caalps adiniorsteaed with

VLP. .[00 For latlo r|o h ati.on: .Th .
the confgion e a6 i 1010 o gl Y SRRl P BIGEE o lpid
immundh&dul el Ipmjﬂimm(ﬁt ngm 101Q SMI@ CREF®AL AlMR0M Qs (MRinOhMF-59,

IS subject to i zation process, typically and

OM-174r MR RBI @Mm2%| hnctzéflmsgmgl a@lﬁﬁarﬂutﬁ@hi@dog}yﬂih@aatdjyva@tﬁd can also
comprls%r g gn:(tglgei éf ﬁe:s?”s %ar%cgéj ré%our 3 be\ﬁ(aﬁ ge{leral%/ td%?crl%gd a% %ngdjuvant

Howeverl yt&ptadnl ZR AR P RO a8 sE Witk thdieortextdf’ fhie egslicdliyh, N@fers to an
cess" are interchangably used herein and shall be

adjuvang a@td?r%r@dt a1y wisA yorsthe [rryelitg\]e loyrBplafipm. 2eboT Btk aE ioprid VLP.
[0011] t he tepa pr!)ﬁétgﬁ L :t&tend‘ cfc)Qtr ke, gﬁ{”' 28 thd ﬁlfté?gl‘lf‘dg"gga)/btl?ﬁ%d term “capsid

nposi tion S obtaine obt al na
protein’ bwnhmsth1s abplﬁo’aﬁeﬂ,ereﬁlrg/torvgvmﬂ pﬁotémqpne&rihiy rmhlatriitcxrf a natural capsid
. Typi cal d erably sol i Qsi tion
of a viryd #Srahf/ymﬁn i Rt obhageead 7B FIB# Jpoppoppied into a
Vnusalga%rghqn)SWb Preferably, the term' Iyophlllzed
ormul ation" refers to theconposition obtained or

[0012] obt ai Rebiuwation tiréorprioc dgephilozatinaki Fee t weml ydpmiilatied prior to

opti oo © Bl BT REFR o R FRL Ry SOBAEbn whigh s sbiet 0

lyophiliz@idRubicb RN tyiefligr §nd 9relf$ir@blkzl Rlihil b0 fhmﬂrsatah@ MuftB&UlypeMdlly and
fromthe dISSO|VIng and/ or suspensi on of the

preferably gpthin § hewssandrayeaniosntyipically pag sieseralfy ety 2 to 4 hours. The term
“lyophlﬁ‘%a%%ﬁtp?gée%’sgrlcp{heot rm “freeze-drying process” are interchangably used herein

and shall be regarded as synonyms.

[0013] Lyophilized formulation: the term “lyophilized formulation” refers to the
composition that is obtained or obtainable by the process of freeze drying of a liquid
formulation. Typically and preferably it is a solid composition having a water content of less

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



[ 0015] Linking sequence: the term"linking sequence”
as used herein, refers to a nolecular entity that
w@omahentviy |inks the nicotine nolecule to thePCT/EP2007/054604

vi rus-like particle. [0016]4 Roomtenperature: the term

"roomtenperature" as used herein, refers to a
composﬁtﬁfﬁp(%tﬁhéﬁ &r BPQIHaﬂJl%GO)I 916?19 Qs ﬂ?f ﬁgﬁﬁgtﬂlley l)fogﬁﬁfi‘zg(p Qenfudation of

C, nore preferably "25C f0017 St ab term

thepreselsttlabetnefbnas used here| n refers to the state of the

[0014] L?/gg{q %(g)%g;lc_itﬁ glrﬁ.l 18]§ 8‘6 %her ggc%/%%g%té f 2! a‘r1on’ngefers to the
liquid FirfRldie- YsRied fE%NA H@th@sfsbﬁfﬁﬂga%d@ %%%M &, ﬂ@endyophmzed
even further preferably conprising Nic in which
formulagign frpa m@w@e@gallmcmldblsqlumnt 0 20 weeks, nore
prefefa to 2 eks st ora al, room .
100151 ool B, St Jnt GF0T o ubciaingtl & PRots ein rfers 10 »
moleculahentitptial cavasnily [iks tHeagcdline @lidlo@il@rdhavEed-likeparticle.

derivatives is less than 7% preferably |ess than 5%
[0016] pr e BpeneicHpPityres they §HR “30eMGBRCIRERE Bf aped dprern, refers to a

tempera;n‘f‘rg %1‘0?1{1 Y @f g ??ef%rg%lﬁ fréHi2H t00%7°@' fidkd ﬁﬁ%géf%& h&C,

_4._O

ation; e anoun
[0017] ni cot SnbleVLR @kmg‘tsmteé,’ aniscddgragatetss tqmtlﬁ ﬁaabcbfythb Heophilized
sum ni coti ne-VLP of . RNA bact ophage mers
formulatigp %fg&}eeéth\ieggon F?PQ*P&S%| 91C{)‘H}é€ §Elln3] p@nj}%ﬁaées @e%ega%ly comprising
R 0 i g0 a r
icoind2, SOTEKR 08 G SRS o352l L 4958 RIS Smoriin
Nic-Qpt thewhidhuuyt toof5 tvb&sspmf@ibm up ad 20evedks Iﬂ(bl‘emaslyaﬁﬂto 25 weeks
aggregates, preferably the sumof nicotine-VLP o
of storas%&r@pmdsﬁla@rét% opitiageriepted deraryaiyredates () ,ﬁbeetp@rl a@pynt of free
f b o/ |
n1cot1ne 2{}1%1 rﬁi:'ﬁn%odﬁw'v?tll\ogrs l?% %Is% &%H% /8 p?%?ra@ﬁgle%%ﬁ £3 A)L,I rI]lil-b E?etf%r'élbly less
than 3‘7& Lemnofnom pﬁferﬁiﬂe wsE’tIQJInI Z?GI’(IS@EI&: tatadl amg g tegfati &sink fin tHeeformulation;
formul ati gn after.  stor ag}e subtracts the amount

h
and (ii) {igrAngFUny P @@.SH@ A odnFgorte? $20MAS eSS wfe&bﬁx the sum of
n1cot1ne| VE? flI{I‘@@tb'a or egé %&1&%&? gﬁctﬁ% ?%ltés fef@ly tiPsum of Nic-

ereiln. atlon prior

QB oligOmleBSO@ﬂi‘d laigg@htes) HHRr foti fncdx®fmd¥eCthigh b1k, gwfaﬁslyam% more
ggr egat es and after |yophilization according to the

preferalﬂy e‘éénils icapwatcdo Aivd anpuple Ok sthefsugt @i agieotinch¥kB pligaugrs and

aggrega?es recf r%la/t I g%gnﬂ?ul e C%m gxglglﬁ%%tltg]ﬁé g%cﬁt%réolg)tha% Q(gif oligomers and

aggrega‘té&cfn%?e?ﬁoly $heXitm MR 1&@&'@11;;51’11@1% Bl %géﬂe?ﬁeﬁ el Y eRhhiAon prior to
erivatives" as used hereéein refers 0 nicotine and

lyOphlhmtwt iThe ateointaof thes suthaef micetimol LEovkgoanrs wnboaggdegatﬁs in the

like | e of the inventi The
formula{[18n eérsfﬂr%e §1ﬁg %{F tO%o c rﬂllg]of)? Hécogge \}gﬁ; Egomers and
aggregaltdiriol @LlyBpKiALAtRR AVesnhe pércORaglesiiN@tdESs used herein. For example,
preferably the RP-HPLC assay as descri bed i n EXAVPLE 1

if in theHernaulationmpréorrte i yeptilizatietetherens o ofidicedd ahigoroérs ahdaggragates and

after ly?mléllzgﬁl?ﬁl gtgceq;q lglgttﬁ(’) hg%ﬁﬁﬂifﬂv%ﬁﬁ%%bf gf ! e%lﬁp(bfe ft%geb tNere is 4% of
Nic- Q[p&m%%{@i n@NgAYIHE RS ,rewngﬂiﬁfe@bfo\fmmﬁoﬁ umeﬁfthN fer@ntage of
i gomers and aggregates, is preferable the

increase sy Hite tlhic ctatm f Yo rii¢oging aﬁlﬂampcﬁtmccﬂerxyaatfeSG,naS( Ased) hasmayefers to
mcotmeaanddr%cgtgne (?erwa{] ves t l\{%lfeE ng)'t QoevraFenﬂy bound 10 Ig J1rru%(iﬁ<e partlcle of the
invention. The method to determine the total amount of nicotine as well as the free nicotine or
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,



contai ning particles larger than nicotine-VLP nononers

and diners, preferably |larger than nicotine-VLP of RNA
whawmrasisephage Qo nononers and di ners, prefer abdPEP2007/054604

| arger than Nic- Q nononers and di ners, are conbi ned

in calculation. [0018] digoner: The term "ol igomner"

[ . 3
s, W0 GBRENTE DL SCUATR P O s sy, e
preferablNithe Qb o0INigQfE bligo@tRr dt apetdpaicade rﬁ@aianMhefasﬁhmetrlcal flow
| east three and up to ten VLPs or VLPs of Qb,
field ﬂQ%§@é@@H&P@P)(AFf‘b9&S@}’ apgigpeipad dn E?%Mféﬁﬁ hﬁ@gr dgattdeh fractions

term " ni LPa

ontamm% 1:()3 f gles, _Targﬁ_r ‘[ha]{_l rﬁl‘\%ngc\%lbemogo aggr e%tglt‘era.bl\é I%rger than
mcotlne “LP- §? RNAJBASSRIRa \ﬁ_ QfBeﬁlénérﬁerts %datﬂﬁfeﬁsg fi‘)tféf@[%bgf lafder than Nic-
| east ten VLPs or Ps of Qb, respectlvel y
QP mondmarsanghditierd, ere chhinadrimcileilation.parti cl e" as used
herein refers to the norphgl ogical formof_a virus.

[0018] 5ope Qﬂlgﬁ@% yipsdermn “elgaimsrseds used di dhre sl ﬁl&ﬂ%@éﬂﬁ’yolgomer

mcotlr%r\(f)ﬁl?t&eﬁge Ig%%%ﬁé;{h%éf' (ﬂ? 1@8?191” 1618(23‘}\! @b{ﬁ fgﬁ[r%g refers to the

aggregaioh bt &l 18ast M) andag t@&@fﬂvn% et WLPk 8f ©BSrekfechively.
non-replicative or n on infectious, preferably a

[0019] non- r 8gpicgaiti vEhearidnnotrggriRect. ass usddr B far ttemmt e’/ nigrtine-VLP
refers to a no ative or n-infectjous, . . .

aggregaly of BicgsyV épn‘thR& lgﬁt%%ﬂqp@égea@ﬁ arqgatﬁeéflﬁ oDdc-QP  aggregate

I r r rably a
refers (P AR Ridy 03‘3?%3&%21}"% bhT RSO fropdlifUE *7LL Teed
[0020] her ei Wirus ep&tislel orteeittgn i NGapaphtic! ieplse¢ahdrdig rbfers to the
enone conprised by the VLP. The term "non-
morphojqgicat {pran &* 2 \igisyFbaoThe Va1 LYRCEfle PAMPibsCh & SRTCMICHfspneed by a
f l'ike

potin Bps LY 184DA8H Ly P BBty A sy

[0021] non- r ¥pls-tilt ipaeichn ¥ DP), msnusedfheoetm onegersitocenod-rdplicks/e or non-

infec‘[iog%,1 lé)rg{efffg A faré]%];i rteEI?q;l]\tll%f%gtlpfi goggzpﬁ%}sg%?lgsn]gar{}? E,Eltgrl (r)e ers Ito a non-

rephcatpv%r bk Ch&h-inf&t CBréf&@bl‘jz' bl o BB N2 Sil€Bn-infectious  structure
physically or chemcally inactivated. Typically and

resemblmy & vpnepatialel pre&rwbly assap$ik @ f pavituscllee icavK'somdrépligative”, as used

herein, Pt trigarBRalc L PPl D egkbe E b Reabe B qufe e tem

“non-inWctibud’ha el ﬁ@lteirp RefBBMo GO dhdApABIE bebRedtd thetoSt deNCPreferably a
fromtheir genone. A t%/]gl cal and preferred enbodi nent

virus-likgt paytigler msaqcmdén%amﬁhcu invergion of dwidephidatiie tapd/or non-infectious
since it g%%g ?‘Ht% fprelt/te(mth@ Olrél S%e?io ro?la?ﬁ@rﬁg 0?18 hln%shete!i]l%o\él I{lgdt a virus-

corre Fus, er opha

like pambleﬁe raahh;s @i@el@,fn&ig@hwﬂ'h& tfﬁdilﬁgenomerlails lﬁ:&@@hﬁswaﬁly or chemlcally
fer to a macronol ecul ar assenbly co
inactivagqd: VTXPA\‘FaHPfr grckineprs ubivE sy arymlar&kﬁ yPariqierlacker %116@5 part of the

rephcatf's%gangﬂl%@gtb(ﬁlum tn’g)Q)gei_ ;g I@g 21 dﬁo&% ?gr E—E? 1M E)%chle in accordance

with tha m/errtamtmuneomdm nhdsie asubdwtmc:s fioeatticir cgemdme fAo typidal amn:l preferred
or viral - ﬁ sid like structure wit

embodi&%ﬂééé%%irﬁgﬁgé Pilr‘[l\(;]g 1Br3550% Iv(xslﬁh %@F%ﬁ] mvention 1s a Vlrgl capsid

such as $Rd Gl%lrcldﬁ&&' be tHesoorrtey}wnﬁﬁJ |\Mrus39$b%rio‘f>ﬁ£geo brfatasy /NAFNage. The
exanpl e, the capsids of RNA-pha
terms "viral caps1d” or "capsid", refer to a macromolecular assembly composed of viral protein

subunits. Typically, there are 60, 120, 180, 240, 300, 360 and more than 360 viral 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



HBcAgs have a spherical form of icosahedral symetry.
The term "capsid-like structure"” as used herein,
W0 edoensiovo a macronol ecul ar assenbly conposed pET/EPT0AT/054604

protein subunits resenbling the capsid norphol ogy in

t he above defi ned sense but deviating fromthe typica

Yy I | n fif }
structure 1@“%?1&31@1? g@er?ﬁ rtgglhel%ft%e%s Qleac 'rs'rllgrigncﬁ} g\?ﬂ% Phages or
HBcAgsﬂlaW n wphgyamat f@heoﬁmsahedmi; -stmketrpaThet oflrm Tegpsitdgdike structure" as

used hgrﬁglﬂ lnl%éfegsr d?ggg@]%gr%p{o Hr L%S\S/%(E o ?ﬁ? p%sfegt P]P %N!&} Sprotein subunits
resemblRACIHRT daPRaB&Hh I\I%\ys@%&w&b meﬁh&ﬁ sdrRE TBut Mbvitksnd frkM the typical
particle of an R bacterlthage refers to a
Symmehmcalu@sq:mkle whife meintaigioapy ulipignt dagrgsr eff endabpyd repetitiveness. One
common Suérsetn(léfn G Sgaer 1tgllega|rnld¥\rqggsﬁe:] G gaor Igflts Io{éghlg%ly 0at ﬁﬂ\ and repetitive
anmnyb@ﬁﬁ@%mgpﬁﬁga I n addltlon virus-like particle of an
bacterlophage resenbllng the structure of an

[0022] acYEW'Bb‘h agéic lepdi %Rﬂ&qb¢céqup@agq Ve &5sd/hsFein, the te%I}lA "virus-like
partlcle n&naﬂ RINGC tﬂagtléﬁﬂ%l?a%g" LAEK 109, Rhrub §RS1 ahlﬂz? %?ﬂl@rl%rﬁ&g 60 Preferably

codi ng for I cation machi nery
cons1st1hge$senmaﬂyhffg>e pommﬂmg)qﬁlccailplrgtemb Smuﬂamls Ior ﬁggﬂnblﬁs gﬁznﬁ&)f osf an RNA
. genes enc t he otei n or prot responsi bl e
bactoriopfizy 13 f ntﬂ%f)féﬁ PEAiSS 9inity N8 hedetophes rescimbling  the

structur@@F b 'Rt[\LQ %a&mﬁ&g WeMRIn refli &PivEe RR® Hpﬁéf§-1n\féd-‘[féﬁs | dnl Qacking at
particles of %acterlop hages, in which

least thfagmeewr@mﬁsacm@dglgrfer the rgplmsloam@damﬁtyl ofiilhesl?é‘m bbceteriophage, and
. _inactive nd her ef or e, SQ | eadi.ng to, . . :
wpialty 35 e B a® ARGFOF SHsning Pt BREUE yinPoigi rrcgonsibl for vial
attachmPaf fol ¢ leBry @fto @hINAL. PIROG finkie SohRIdhYk-Eeer A28d MREnIpAGWirus-like
RNA- bact er i ophages exhi bi t i cosahedr al synnetry and
particleg 6h RN bmteq@ag%ymwthyh e tagrpmenficned rg@g@ m genes are still present
but magﬁvsec agccl’ h%retfor% 5 r?e 1![l blﬂ(p ntop %%rl?catlve a gl tﬁuous virus-like
ntérexc angeably ui val'e use mn £

particle@odﬂ aXRNAPrlﬁ{agé r Q’(ﬂefﬁﬁé(h OdBP¢ QiethBdi efror@ W%a&tbﬂ{@hages exhibit
particle of an RNA bacteri ophage.  non-replicative

1c0sahegr,ara SERNKEY- angf easish 9§ 1889 Sblsyu]blfﬁys}vggqn this Bigpery | disclosure the term
“subum'tngr?& b 3hb AR SHG e?é(cl'r%/flg'eﬁtgl dinﬂt c@fb&l{é‘n r'i?sle&i &VER this context.

treat nent, typlca pre erab genetic
Preferremlamemotlattd) aendef &Oﬁﬁ‘l]ls-mtﬁa paigicleoof am:RMAebuctdr@phagenBon-replicative

i i St S B, G P2 L Sltore ey L
formaldie eQ?éa?rgent [ QPR 40y !uﬁl I?Q%reﬁﬁyﬁj? beddi® nlld'ﬂlYIﬁthilen provi des

yophi l'i zed formul ati on conpri si ng: (1) at |east one
[0023] n| cot One-a, vi aruswhehutk@tepass t®r®r’e“a<’:’o®t] agate usodrpr thesi digplosure, they

“ Vi,I US- pav, | east one
mean “fHasfonts oS pae iR, iR Bliefbgis one i cot i ne
[0024] MOl eCIH éhel Spe@ Vi BREAIONRONIed @ly\?ghﬂilzé’d fo#amulatié® comprising: (i) at
particle by a I|nk|ng seqguence, erein said |inking

least ongayeptimee ipomibe ipseislapordugass comprasingrial  tyrus-Aikig peiticle; and (b) at
least on% ?zgy'tﬂl rlec%?m%%tlﬁl 9 &P [Qg.gt 0 er}ﬁ’COtlglg )mo%wlfl]e?s é)VglgI?‘['ly bound to

one non-reauci ng dil sacc
said v1rumﬁkeepm1tlh &y colivekeg i@ltlblﬁi& eheshl Qidmling sk@bmng comprises an ester

ﬁmcuor(ljalhf’yejce?nlaa(rul) 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



is fromO0.5%to 15% (wWv) in terns of the
concentration in the fornmulation prior to
wo yaphsisrzati on; (d) at |east one, preferably PEOEEP2007/054604
single, non-ionic surfactam, wherein the
concentration of said non-ionic surfactant is from
t . A f ' i o
concen P o o R LRl AR S04 SERUPS: (dposition
has a i chlst dibinl i5z4eto cobrosirt footyohhidizatiqpH Aslitués knownm Sn4theoart that

..6.6 prior t.o |lyophilizatign. it 1s kpo in the art
IyophiliZgfe” bl Gl SR H B uw@}( P ot drtdigh Tt i gy ble and
therefore @il 4 forlgBr ShdM-REUHurthB@tord, SthBUyEpEkiaRl RraidtibhMaefar @éhanced

__has a longer shelf-life. Furthernmore, the |yophilized
stabilityf of e astétofinigaenadity en¢sanic vd thet aigpline-YLBf canfegates pie¢ an enhanced
. f t bonal it resent in the nicotine-VLP conjugate
ﬁmmhwgﬁgﬁ%ﬁgg%ﬁgﬂ%g%ngtabiIity of the RNA component. [0025]
[0025] Al t er A&bindgldly iiA adtidielspagpeart inveitgon PuBiddso liquid formulation

_provides a liquid forpulation conprising: (i) .at |east )
comprishgs (A &l0edsh @G iniGpsingVkESHEP (HREICE EUNJEIdareNRdHpS| @) Agrirus-like
particle( Qﬁd fb) ik 'Iéé§t|' (l)ﬂehﬁc&ﬁfetﬂlgfe@ﬁle,axggﬁgﬁ) sa?cf af IE2% bon@Beotine molecule is

hicotrne nol ecul €, whereinsaid at [ east one nicotlne
covalentip| bamketo said ovialsdildel parbioienbly tao liskingd wdquerseel ivkderein said linking
particle by a |jnking sequence, rein said. linking.
SCQUENCEEROTUISES e e @@sﬂ_ ligg fad Q’_flhﬁéimagﬁﬁﬁﬁ ForgRosiifn (aTne: (©) a
least onSl ﬁt@férﬁ‘tﬁ? fon€ QUARS 'thQEH&ﬁ{Qjﬁikéch&ideg Gheftlin {RASIcONuion of said
preferably one single, non-reducing disaccharide,
non-redwhieg elisacttaeide ondem O dn 16f6 Swivdl imdernrsealudie ngncentration in said
i saccharide is from0..5%to 15% (wv).in ter f the.
formulagl8ﬁ,c zﬁ)t Al ]]e%ﬁil ?1?,?, SBelEr b ¥ ngﬂeats.}ng £ ?%g-logic IS gg(?ta%n .eV:Jherem the
concentPdtRhes @&y RS0 Sit N@tBetaMOR- fr&Mi G.0805% ast@Mo, (WHEHRitdtms of the
the concentration of said non-ionic surfactant is from
concenttio0s ggit domnulaiqunang whereiresad stabilig¢recopesising has # o Yahue from
i ¢ fornul atj.an; wherei n sai tabi | zer
34 10 B8 FulAEMEL L8 MDA sy P R bfiRlbte by @ method of
lyophilizatidnh&rm@istng tHeestéprve fikctAng RaiaViqies f@nfuitivul aidi @fing said liquid
obt ai nabl e by a nethod of |yophilization conprising
ﬁﬁnmk¥@@:step of freezing said Iiquid formulation and
[0026] dryi ng, Sable! lafkindil ra@b‘éc@,t ik :in\[egggrﬂprl)ﬁdésn Qt MGlid  formulation
al ternative aspect, the invention provides a liquid
compridimg: )l atleayn onompedtmevgus-{iky patticleeastjugite comprising: (a) a virus-like
particleggl Co{bb gl?ﬂq\élﬁtgg%éélkqﬁ%eg%g%h le,(e‘ﬁgeorn uq%gggtt I(ég%n‘[ég{a“s,l n 1p?l gj})lecule is
covalenfIPIbBGHE B sa Q@I By £ BhEingked RASE, vAHREIRLHAUINRE I RE&GHRE Comprises
IS covalently bound to said VLP by a Iinking sequence,
an estervifpaetainalityapad (i)rkstalyliseqoemosition gpmpssigg @an cestisting of: (c) at least

functional.ity; and (ii) .a,stabjilizer conposii.i on . ..
one, precf‘éﬁétyl gliléh%ll’l ]¥, Eglﬁ-éqni(i F%{Sac&ntt, Yvéejrelgt tlilF ecgg?en rﬁté(’)n of SE.lld non-1onic
surfactaBl RFFRIRDI0N09780 D NYI(®/v) M RermO B theSlohétaA in WhEfoRindlation; and
the concentration of said non-ionic surfactant is from

whereingsaghogwizas composifion bys 4 pH valugdront S.¢ie 6dencent ration in

sai d formulation; Qag el al LLizern :
10027] COITpOfSnI tolﬁg np% %%{S%Q% P \51 a %g ft 1?%?%%&48{ ?).P%Jhél.{z%flog)ﬁwlapﬂn of the
inventiddn@niprBEeoile dnewhddhydat, prefeeatly gullybne sugarobisligat sl preferably a
formul ati on of the
non-reducing disaccharide. In one preferred embodiment, the liquid or lyophilized formulation
of the invention does not comprise an added amino acid. This means no additional amino acid

is added to the formulation. However the formulation may comprise trace amount of amino

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



i nvention conprises only one carbohydrate, preferably
only one sugar, the sugar is preferably a non-reducing
walc@aasiaz i de. I n one preferred enbodi nent, theCT/ER0T054604
or lyophilized fornulation &f the invention does not
conpri se an added ami no acid. This neans no additiona
[0028] am noh@%hg nﬂréfeﬁ‘gﬁj eéi‘nﬁo?hrh@tﬁ fQy %hﬁt blo Qyoﬂflﬂmﬁeforﬁlﬂﬁt‘uon of the
formul ation may conprise trace anount amno acid
inventicghudes oot ¢treniesg rddatnesaruof albhmior Euhuthmkwrum albumm In one further

arti n one eferred nbod ment
preferrdfitogingiihy 538 S%ﬁfmlaz@al b B RO T5P TOhETtb it dind of @ serum
protein. dPRS cREALsiER T debEin hdROMBRDUSIHT MBI Hiénb(ﬁeﬁ’t[al &cAMIBRdntamination
serum al bumin. In one further preferred enbodi nent,
problemhe fornul ation of the invention does not conprise any
[0029] gldcgn ; é@% fpg’%f;clrrg@ LOt eldtll’Hel’IIEhgl%ee)f hid SI oq¥(ﬂ)hlhzeﬁufn ormulation of the
inventic@Q M partit@bd b lj&fphﬁliz%mforﬁlﬂ@ﬁﬁin dﬂ“[h@ e cti@f, doeeabt comprise sodium
enbodi nent, the liquid or |lyophilized fornu| ation of
chloridg. hEhg syentipmel NaChaveids LHngRcasHREY | gl Hispiozety in the “formulation.
f
Moreoxﬂfgﬁfﬂg‘ﬁxgﬂé{sﬁﬂhog sggt( I%Frallée? \gﬁﬁﬁ aQﬁa EP %%?sﬂﬂ tgdﬁeﬁr%%fefécz g% Q8 BMprotein
ﬁ&&hbh&ghgdﬁ@@hmnmby in the fornulatlon Mor eover the

excl usi on of rther elimn tes t he possi bl e
10030] 5y er He OBY R F“B gihth%w Lot & fpasly g mr?@ ioRg single, non-

reducm% Xﬁ’éi@éﬂahﬁ@tlé Qﬁbros{ec}&?’t%hald%e ooy Bfr@lkcf ?f‘iﬁf@r%apghﬂ@cﬂﬁlent the non-

he at | east one, preferably one single, nonreducing
ledumngdsaumhadedeﬁmsbsucrose or trehalose. In one further
prefefred enhodi nent the onr educi n. Cc rlde
00311 Py &1 St & BEESS Sbodimdt Merr Dl RrRE Al Rapd el Breferably
one singleNe@NiddatingliRtcHafige & fbBRSY BNEY% Qﬁvﬁf)ef)l%wré'bl? TOm 5% to 12%
Singl e, non-reduci ng disaccharide is from3%to 15%

(W/v), P(fwemj?ly ﬁ@@#%ﬁ)é@lw%f 8 M@f?@bh}?@@@vw ¥, togi0&F v/l preferably 10%
), iR AR Hhop PRALSTAMMbRO Lk fBect e ypphitied

formulaltlﬁnt he deirBdi ol E@{(ﬁﬂﬂrﬁtdnorh tﬁé Wirinblaties peddr t® 1§7J51ﬁ1111zat10n The
yophl ized formulatign, in ternms of concentration in
concentyd{i@ns ojy ppﬁhaéps,eoﬁx;rg?qsgql 1p othp y%lbqﬁ: |aPpHEatign. umless otherw1se explicitly

1nd1cateﬁofé?&gii5 ﬁl‘é'c%ﬁc fratibif B?t:q%?;;fasg)e&ﬂ{gﬂﬁﬁg gZIIJtI @)t 18s at f égnowledge for

application, n ess ot I ndFc
a skilladefpersent @ tchievero l’meBJVHenatheo nomfentram lod SEethlldsy ddatydra(?knd the

concentg%meqq gh?‘{hﬂg’ gmple, oﬂO d]lc( tlrol(h‘ag)ggf) & ra?tete%uals to 9%

water- Gk R¢AS184E and t he concentratlon of water- free
trehal ose. For exanple, 10%trehal ose dihydrate equals
[0032] t 0 9%mwamer prefoeredt embediosat, thoogdilitar enmepgsitehepf dic liquid or

ly0phili%%83 ?(gflgﬁzﬁt z(tég g]::n%gl%ltlé(i‘ﬂlz ?prﬁefglgag&gs - i oEy&%L]é}%Q(? fjogmqllﬂlt‘i.jon further

compriget eftelcaltl ¥nof Fielf&awoaﬁé | i 7] f:)ﬁlk[ﬂg| abdr@N.In f ot M@fiher preferred
conprises at |east one, preferably one single, bulking

embodiggenthe tpial enrschigationet sgﬂ@pgﬁe@@mg disaccharide and said bulking agent is

from 0.5% to 15% (w/v), with the proviso that the concentration of said non-reducing
disaccharide is at least 0.5% (w/v), preferably at least 1% (w/v), in terms of the concentration in
the liquid formulation, or with respect to the lyophilized formulation, in terms of concentration
in the formulation prior to lyophilization. In one still further preferred embodiment, the 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



enbodi nent, the total concentration of said
non-reduci ng di sacchari de and sai d bul ki ng agent is
wo eanmdo32oto 15% (W v), with the proviso thatprPehEP2007/054604
concentration of said non-reduci ng di saccharide is at
| east 0.5% (W v), preferably at least 1% (wWv), in
6% (W/L)efnnfﬁe (Plfqufdhl%rrﬁﬁlﬁﬁ&m(fr%ﬂtlpfbs%&t |l?r9¢|‘l1ﬁlzefd°from’ﬂllaﬁbl? Nn terms of
respect to the Iyophili ze ['ation
concentraélolrsn dfc foondendn pitioran lyqphtlhetlcbror mul ati on pr| or to
| yophjlizatio ther preferr

till
100331 o oDt oiE priired rbduBinie e Mt EongRR A B spidaay teast one

preferat? ®ne RE eerr@hlryd&mg §ﬂs£&h@mden&%ﬂi' §84uciag ¢lies @F&&@Bl&%e single,
and said at | east one, preferably one sing l'e, bul ki

ng
bulkingzagentis ifeont pHmoah% ewhosprefraie fiabl §.57% mﬁ%%m igofhe formulation
prior tot(lgoﬁ;\%\ 123?#%)?2\%%?%] Ztr ;%ﬁrye%ggﬁ)%g%/%% h glg/o?{ r% J1ga%{:nl%ﬁ’1de 1S at least
1% (W/le CBii:i@rebef thel @niQarity it thi tbrmigsRects rémt1m® loydfthivobmads, more
mul ation, in terns of concentration in the
Prefera‘ﬁbﬁh@ﬂté@p@ﬁﬁﬁ/ﬁ%r to lyophilization. [0033] In one
prefe t I 0 S
lous4) B €] S Bie SFORELT M bodiEn M torbPOGRRHERIICRr Rhid B hast one
preferatdy sae csh@tle dﬁnaﬁ(ﬂlcﬂig disadchhrédesindosud apicaitesreb h)_r,efﬁ‘abely one smgle
% 0% V) .
bu&lng&g@?téﬁé 193 Aalig %Pr?gfor% %OH? PR 4Gl it Formutation
prior toplrybﬁl{ﬂ&eﬁwln}’%&lekﬂ @h%t éo?l@entm%ﬁ i r&afdhﬁulﬁﬁigca%@ﬁtr @td‘[ QhsP% (wiv).
said non-reduci ng disaccharide is at |east 1% (wv).
Preferalpty ¢he paibblarityhel denfoinaniatign of fitohe 25@ tendbatmem/Kg, fnosenpreferably
bout 3 (38 t 0,350 nmosnf Kg, nore preferably about 300nobsm Kg.
abou n one preferred enbodi ment, the total
[0035] ConceIH otk | RBfeRtd Sathitbdahente aisd t&ﬁﬁcoﬁeﬁfr@tﬁdﬁbby s@id€at least one,
si ngl e, non-reduci ng di sacchari de and said at | east
preferabjyene gl mapirgdusing élﬁf#@h%ﬂd%%ﬂ(kﬁi% aflyasit orics praferaplgogne single,
bulkmg]c %er;to (grtglné % ) F‘)[(r) ﬁg?f (S)V/Vf y}(ef%ra ng qt??ngo/o 7’e/é’e W/V))1H i rntuﬁguon prior

to lyoplﬁﬁm@m tvaticonthefcosédntrabion ki Rgd dHokidg ag‘enals drdast I%O/QW/V) and the
(wWwv). Preferably the osm)larlt¥ of the formulation
@

concentfatiop, ozf §@dt@ngg@%%wharmlé ah telr‘ya&yv{,v)ag@éhrably the osmolarlty
of the f(é)‘}%glg%zﬁ)ﬂ{lé(ﬂom[ %5]35!) rtﬁgr%rﬂrgfgra%gb [T?(g%n'é ’ g@ﬁg

concentration o s I"east
[0036] one sImgleeprefoand embudinrgt, dhesmmcfe&iumdg daaoblmﬁﬂdisatrehalose and the
| east. one,. preferably one single, bulking agent is
bulkinggagenh iS00, (wi v), preferably from 4.5%to 7% (W V)

[0037] | N T ofuhaldr) POl ehl%ohﬁ&%h'thé ZRhl &Jﬁceﬁ{fﬁ%ﬁ'dﬁ sﬁﬂaeat least one,
concentratioh of said bulking agent is at |east 1%

preferal(lyv/ony sengdk, tnioe-reduragn disanchamdeodnds i dl ah teastr @gu prafigrably one single,

bulkmg &g% %Fr%%gj §ft0 ?I?e} (]Wéﬁ ttléet]'{ 61%1\,\1, g12)? IpF>r e&el@s ]’9’8%%%]61’1 In one further
preferrddRHol e fDh € rdloecBl il tie BRI a30RME Mhd<Gon-1cd08RE disAccharide is

one preferred enbodi ment, the non-reducing

from 3. éllléaé‘cfh brirgierabdy ﬂrlehaomséﬂlaf’mh@mef@memeﬁﬁwdw thg non-reducing
d1sacch%@lgf ttl%halogeo n%7%1 1R e%%eg{ % 1{‘]{11} 1t%{ i %ng @Q&%r%%d ehﬁ)%dlment

concen Ion O east
the concentration of trehalose is 1.1% (w/v) and the concentrat10n of mannitol is 4.4% (w/v), in

the formulation prior to lyophilization.
[0038] In one preferred embodiment, the bulking agent is mannitol or glycine. In one
further preferred embodiment, the bulking agent is mannitol. The inclusion of the bulking

agent, preferably mannitol, contributes to the obtaining of a stable cake structure and may allow



preferably one single, non-reducing disaccharide and
said at | east one, preferably one single, bulking
wa@genit3isgz from 5.0 to 6.5%wW v) in the fornul abCDEP2007/054604
prior to |yophilization. Inoone further preferred
enbodi nent, the ratio between the bul ki ng agent and
i :

higher f}rpgarg ‘reigygﬁg@éfﬁ;ﬁe?ﬁun 122%&@??%11‘%%&1%0% rfé?éé‘% ﬁxélﬁg% ?&e\%n‘flaggoﬁ'siy reduces
thepnxhwbompmﬁnt the non-reducing disaccharide is trehal ose

10039] SPSfte o ks SRR iniehs TRORH e A hiRAE cdibsition isdrom 5.4 to

6.6, prefe‘ia :wé\ra 6 ANBretdifo1§ BRELHBIE6I40 Pre®rabTRTRInk 810 th%.4, preferably
/7 mrv) in the fornul ation prior to

6.2. In omnimh b prafersd, enftpdgainty the phkispt éfedred @bl di-frerl, 6.0, 6.1, 6.2,
t b ing agent is mannitol or glycine. In one
6.3, 64 gga’@%%breferred enbodi ment, the bul king agent is

[0040] mannl IrDlone 'Bi\ﬁetrél@dﬁﬂjodﬁnﬁft tmen&uidﬁhmguﬂ@ﬁmt is from 0. 0025% to
rably man contributes to the obtaining of

0.02% §Wéﬂar é’f"cfar@élyStOrQP@tS%r%%ﬁd (Wﬁg) Rreleihlyg R0 i(ayly in the liquid
formulati : ’Cﬁlgwtgﬁ% oAt H)r e l?oéﬂﬁzédy h altlal‘?t O BF %81§centrat10n in the

advan ageou uces roductlon co
ﬁnmmbbﬁﬁ@ﬁbrkﬂyqﬂehpmmﬁerred enbodlnent t he pH of the

[0041] fs tr gm | ég% d)%%tngo(f AX Og}l%% ,;‘[hg;n%(?ﬁ é)n%:ofs%f%:ta&r?rlse fp%rlyasgl ate 20 or

polysorQe[t@ f8§ rlﬁ%ké wf&%cﬁe&béc@m@nﬂthe Riog{iSxiaRhYadard is ﬂd'lyéb?@ate 20.
further preferred enbodi ment, the pHis at 5.

[0042] 5. 6, Wirds-likc Partiled may. @, ofamjz Vills Zc,noﬁnf-_in the. adt thmEg érndrdered and

repetiti teuchifS WMokl AN G UEA ST SSHERNP L £rf BPRgf hich can
be usedQOpﬂ% [l (W VD have e aRbsdd KONV 2004009124 oh ﬁb@ge 25, line

formul ation, or wwth respect to the Iyophilized
10-21, @rbpml?ér |11@ﬁ 1128, e o pegte Zonivert oaweoR i ing helhese disclosures are

inco cnﬁk (ﬂgh rlrdb}%clyophlllzatlon [0041] In one
TPOKFE erreg % ‘the non-ionic surfactant is

[0043] pol ysﬁf@r&tiﬁrtﬁ& Iﬁréfeﬁ@h yabobiatcat, 8k virms-Wiaeppriat & sfdvirus selected
enbodi ment, the non-ionic surfactant is polysorbate,

from a gepup| malﬁqmgxpf (a-RNRebasteriophagss ialackaioghagspy ol Heppditis B virus,
prefera‘th?r uct% f)ltz)@? filEltJerﬁVétrhg R@g Fg%NglﬁnpSf 99@) Bf ﬁ? surface protein

strative virus
(WO 923t 129d psd) dngastet @irns OW amdes, Céh ataﬁelhxel(ﬁslﬂﬂ i?ﬁ (119I9é)) e) Sll’ldblS virus;

0 ouo B e DB A B B AR, B3 s i gvomes

al., Vacéﬁae%% 16@5‘016@@ (2999);48 Ndrivak éansQJlﬁﬁ‘%@( 3% al' 'Sﬁi%n@e 250:1580 1583
hese di scl OSUY es ‘are i ncorporated er e| n way of

(1990); rl\édtemeﬁd,\é ef 8043 linnlnyps. $m4iﬁe14(rjr(éf9%]r)bedﬁéﬂmdmmmrqtromus

prefera‘tgd? %&Ez{@%ﬁf%}?ﬁ(ﬁé 6)%)/3%3?3) 8@‘{1\” o eLpEg @?)ly the pro%em pl; D)

human PagiliehiaOPRag eWO OB/11968PBE irh) PoRoMiar Vigus; rﬁ)e’f@cra@bé Yndshfe virus; o)
capsid proteln)éUIrlch et al, Virus Res. 50:141-182
B

cowpea(mewg) yirus and p) Bloek HoaspVousi @ (anpoghiorptig Mottlg)Virus; and r) an
Alfalfa (ﬁk’f@sglf)e?ﬁéeg M%}h%ﬁ%itg Bradufl ;\?L'P of EWped @idrbde M&te Virus, Alfalta
Mosaic Virus and cowpea mosaic virus have been described in US 2005/0260758 and in
WO005067478.

[0044] In one preferred embodiment, the virus-like particle is of an RNA bacteriophage.
In one further preferred embodiment, the RNA-bacteriophage is selected from the group
consisting of a) bacteriophage QP; b) bacteriophage R17; ¢) bacteriophage fr; d) bacteriophage
GA; e) bacteriophage SP; f) bacteriophage MS2; g) bacteriophage M11; h) bacteriophage MX1;



f) rotavirus (US 5,071,651 and US 5,374, 426); Q)
f oot - and- nout h-di sease virus (Twoney, et al., Vaccine
wdad 00168074610, (1995)); h) Norwal k virus (Ji anpCT/EP2008054604

al ., Science 250:1580 15831(1990); Matsui, S.M, et

al., J . din. Invest. 87:1456 1461 (1991)); i)
: iU .
1 bt R NI B ) b R ] bR YT LA PR LA AP20s.
In one profcekd quhodimeriunten vikapilike opraticle risisa (VWAOs-9i8¢ 1563dS ; ofmpn RNA

bacteriogglgéo@g\/%r od gw&hggpﬁﬁg‘[@%ﬁgﬁegg oﬁ:a%ﬂ?iNAj%a égi&glg%e in particular
Vi oA M 0 PR TSt s 3747 o

WO 04043t 24t and/inr EXAMYPILES t andvD s dicecoVi rus and cowpea nosaic

Vi rus. have escrjbed in US 2005/ 0260758 and in
10045] \»oosobvamspre?%&uqm‘w{l@ﬁ%t Brerigys Bee BHHE'gi i (RNp phacteriophage

0B I R PR LS 0 LR B

is reconsigthatlyedpfes@in e cgi.oup consisting of a) bacterl ophage
Q; b) bacteriophage R 7; c) . bacterl ophage fr; d)
[0046] pact ekt %tﬁh%rﬁge@ H%Odﬂﬁ?ﬁtemiem]&@ cpl}]ugate is from 0.1mg/ml to

2.5 mg/ Gh ﬁ{e! \ Qﬁrr%@a[%rong%rb@ﬁﬁtrgs EQROQE] mb%mhzei(cs f&mulatwn in terms of

act eri ophage act er ophage
concenthmneini e h@geulfadon :pylob dctlgoploiptatige. RPdna l]nieﬁa‘)red embodlment the

. . b eri ophage .AP205. ferr od he
nicoting; PEonRREIe g8 ooV meanLid, s if R Tuid R P ay Warespect
to the R@&HEIIQAPIGARILRn, Nt RORIS I)pfcoh&%uﬁﬁ&gtiﬁt Hfén ffmu¥4eBnOfprior to

an RNA bacteri ophag in particular VLP
lyophililgaiecme di @mﬁhga)rej@rra @ndvndlmﬁLnP ob#ut ricnp mgethzmﬁscm@tratlon of

) j d 0400912 d
the nio§lFREGLB HrliealBr i oMl RFAR B sResSAPRE R Rrms of

concenttdi@®n Vih ItHS fbrink@atRAr pricg |6 n%@l@lﬁzaﬁbﬁ i@arzxﬁgmpb@@%/@ 1. (bt’ﬁg/ml or
one further preferred enpodinent, the virus-lik

2mg/mlp Ky pgagn énwtberd?reﬁmd SR SR RAE rBsans lrrV@@@%.th%m@ncyntraﬂon of

r e (0]
e e YRLEEB I 0L OBl 16 S5 s i o o
concentfationgh rthe If@nﬁl.lzﬁldﬂigirl‘dr tb Nydphelizatign d . nghailadr @6mgil, preferably

\Ai(th respect to the Iyophilized formulation, in terns
0.2mg/rgk  concentration in the formulation prior to

[0047] | yophgliezat i hﬂﬂn% 8 L%]l%espr(ﬁfn?figiﬁ% @@%&W@te’s‘[e{' I'fﬁnctwnahty with
ni coti ne-VLP conjugate 1s om to 2ng/ m

which thé@idoiio rmbla‘cu]remschlafob @nyalcﬂtlw\bdﬂlndrte Slp@mtlert vt freen descrlbed in US

5876727, \ gh' I i 9% 9 in telrC of conscerntlr ation dr}lerein by
Skt oMoy ich e, GReIBRE 1 inespoTale

way of Péf@lfeﬁ&f edni@fPe u'éﬁ&ts WRALIE ITSr MEGTQBA InRMAIN L1, cotnﬂﬁlsmg an ester
concentration of the nicotine-VLP conjugate in

functionaligyyiade.flor wxaraple.othe ltr9<|mgcwauyncaﬁ derpxeéf@r Y. 1i ﬁ?J?- ér kd2.3, CJ4,

co.1. s EERSCEIY PUATCIFIE LSLBTLLER B 315715537077

[0048] 2nY/ Mn oh& pagaired aﬁfbbmﬂ[enproeftﬁé eskeRhedhiiganttheflinkhg sequence
present invention, the concentration_ of the

cornpmﬁiS AN-R OOV -E&dhj WhaE® AnrapRseit ghe digogpennalerdp and wherein B
represeﬁt¥ Pﬂe%HsMﬂ@%rtﬂ:rlce 2Rl eVt &J(@Hgﬁn Uith m=1 -4, Y=(CH2)n with m=1-8,

and Z= C(O).

[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



concentration in the formulation prior to
| yophilization, is 0.2ng/m or 0.6ng/mM, preferably
w@2@mgs2 [ 0047] Several |inking sequences cOPQI/EBI00T054604

a carboxylic ester functionality with which the

ni cotine nol ecul es can be covalently bound to a
consistsC& A8, (gfpﬁz@b BeSHet e 5& de re's@lté%z@ HebtinURPRARAER wherein

and US 6932971, ThesSe speci f | teachi ngs are

qunewmﬁnmpbwamddﬁnmnaﬂm by way of reference. Linking

sequences. usable for the ent nt|on d e
100301 g 6rhor FE g kER "ieGpeer et Mshar o eloAs  bopgy Bolpadine or the
pyrrohcﬁﬁbenhgc?kltmm@&ﬁiéeﬁs@@ulte eEﬂﬁﬂpl@s] Kere@le?re Lin ﬁ%}ﬁc@ar @Js&osed in US
, CJ5.1, 8.1, CJ9 and CJI as
5876723 48 065e489iand 45 6RA9T Y. Iofa wssm@msvl enftegaagnty sraldolnréﬂng sequence
IS coval nt??kgggngg%ﬁlﬁdggggn Q sa1 1’11C I%g]e&lll $Y§n1él O\I;]metr glen A

[0051] r epr e$E¢1t0$alItiﬂ ef ﬁie%l’ivhl&ﬁtl?@bﬁ@hﬁot&fédn@l&@ﬁl% ﬁlreﬁlther present in the
represents the virus-1like partijcle, and whe
same  aksaltppyafighiaH ol e 4all \YH‘{@HQ)IP?OWCPIES rhaye ghe a(ﬁ&cgnﬁ@(%)on or all
mcotme[ Ingfé%lﬂeL Mae ﬁ{%rﬁfatlﬁ)[%ﬁ o Elﬁﬁng Jffgﬂ}aft hhgl% Heg ka!r@ 9resent In any
gquence conpri ses, onsi st essen I a
mlxtureabmois Psefelfablyﬁﬁe @Kdtl@bltﬁol]mleswi‘@umatmﬁy Iboﬁnd frchfae la’adnltyln equal

n=l -4, preferabl n= r a nor e preferabl
mixture] gf Ay SRRl %f ‘é‘ft{% tﬁ%é@ﬁ%&ﬁﬁ%ﬁ? dhiey 1?%1»&%% occurring (S)-
configuBRIHENC PRABSI SihS aOCer? G A bR, ‘M'éern?do'ﬁn@VLP conjugate

represents said nicotine nol ecule and ‘wher el n
comprisece ;h)ryetlae mvsnged trmutations 1sk<datépaat‘tth: of ebta[@@ﬁn@]usﬂﬂgea racem1c mixture

equence .can either u he
of nlcoklgler pbqq%cg?egr o ngo IHSIilYa& IV tlypll% %fan %Fag)g)f r‘t]) smg a racemic
mixturen@H @6t R mEMNBY 615 nﬁ@ﬁ@é BerdaBived BorR@i dgﬂie@ﬁcotme molecules with
~ disclosed in US 5876727, US 6656469 and US 6932971. In

said lméimgemupn@f apeksgtls rhwad rthereto, daii thel ixmpuhng reacigani@ethp svirus-like

particle (iea]d tthﬁy Tlgg%ﬁ Vi hi &a?tllcl? Qénglﬁga? nmoaccg'r% gcetwlﬁlo%le n?vgntlon

& covar
[0052] ni cot Imdepdeﬁtbkl%n‘t&fdﬁn@itl ﬂl%fnlttU’tﬁSE\fEP cOnjlufte, S@BRrably nicotine-
absol ute configuratian, i ni coti ne npl ecul es

VLP o RN\ threferipphee (R P@ﬁﬁr&hhf &ﬂw&ﬁ §| formpd dtommdhqrateging waterial O-
succ1nyh§'vl?ydtr(l}3§rn{@11iﬁ Iddie UE HIC" s'te{}ﬂ?]%rrng%?gf gr efogr jpon, or they

re-present in any mxture t bly, the
[0053] ni cot Imenapicéeted esntakieneny ticestdblilyzeh oumﬂos&ﬁmh c@mmm ut buffering
m.xture or an ual xtur

agent “(‘1‘313) gg%\“‘?%‘%ﬁ%\t IAc‘f‘ﬁtaéende%‘t%a FUFA 3“38@6% r F”H&‘t? g)lris, Bis-tris,

Trlethalﬁﬁﬁfﬂngu"fﬁ&hg Bibife MRESRAE, AiﬂértﬁteV@[%uﬁEeefCﬁﬁtﬁﬁﬁte Lysine, Phthalate,
embodi nent, the nicotine-VLP conj ugate conprised by

Fmnnm@hébmnmeﬂhmwhﬂ$nnmNMan@n@d&@dabta|nable or obt ai ned

100541 0¥ PTG pr SR SuBbAhnE o pUlERYE Bferlas SEREE R the group

consistiHg bﬂ@l@té@@&mssdlwﬁ&ﬁm@é POia&Qtn PR oSFNaRCAd @Sst Rline/histidine HCI,
nicotine derivatives conprising the nicotine nol ecul es

sodium cetates godium; wcln@tesbqg@n hebperferrad gmbeslimant; e eangentration of
the buﬂte? Eg aggnt 18%) Iﬁ 4. fO%%tﬂlO[Qnﬁs oft po%cgljl&alﬁ%n 1h l&ﬁe liquid formulation, or

with respect to the lyophilized formulation, in terms of concentration in the formulation prior to
lyophilization. In one further preferred embodiment, the buffering agent is sodium phosphate or
potassium phosphate, preferably sodium phosphate. In one preferred embodiment, the buffering
agent is histidine/histidine HCI. In one preferred embodiment, the buffering agent is sodium

acetate. In one preferred embodiment, the buffering agent is sodium succinate.



particle |leading to the nicotine- virus- like particle
conjugate in accordance with the invention. [0052] In
wor@7pswierred enbodi nent, the nicotine-VLP coP{T/gP1087/054604
preferably nicotine- VLP oft3RNA bacteri ophge Qb,
preferably NicQo is formed fromthe starting materia
[0055] OSUCChPY)he pf%efeﬁxair&myda%aw HEE g hidn%r ygphﬁl'ib%dsfo%hlaﬁsn of the
mat eri al VLP of [ 0053] e prefe
mventl(mnﬁmﬂilﬁnememdssodtuabr:hllomé¢ fmnpdm 90novl, pofpmblyesom 0 to 60mM,

more pr%lfJ zr | nﬁl@g‘f g{)rgﬁ %ﬁa&ﬁs Cecﬁilf: %tggﬁ Ig[f Ce({lpl?l chlo'\r/%]e 1S tto Stabilize the

liquid E[dti%hf@%l fi€the TWshoilpRy oPithé rlﬁlmd"blS'l}l'diih[l&ed formulations of the
Aspart at e, ycinate, dutamate, Lysine, Phthal ate,

inventiqhor mi at e, Alanlne Phenylalanlne Ar gi ni ne and
Prol i referred. enhodi
100561 1,7t o tery BraBFe Bl Shihc 8 25hBh b p dyoritized
formula®ibn SEIEE trREntidromas @@ih}b&ﬁ@e@ e anbabeyvelPeb@sss Uil pdh@dreconsists
and histidine/histidine HJ, sodium acetate, sodium
of: (i) afJeast Qg @icofinc-yHus-fike ph@wlepwlﬂ@aﬁeeeoraw fahe Vufuﬁélke particle;
and (b) ﬁpfégsq r(l)tnlé ?ﬁdfoﬁﬂe ﬁlfolécnfe Wﬁfezlfeﬁ{ L¢ ﬁ@lg%t] toné ﬁlcp{lﬁ) %%c&lglg“ l:ovalently
ncentration in
bound CU smdt hirnekke giartiode thyeal hdphg Isleqm]hcé omhiﬂfem Isami, llnhmg sequence

rms of conceptrati in the formulation prior
Compﬂﬁe§/ 6‘[6 Rotey sty gnd ﬁl@ ¥ tipki Héfir OPEPEHPR QONSbGEI0 .f}eﬁ(%i at least one,

preferaﬂlg eor{%ugﬂhglr' %Qné&ﬁﬁtng' QisaQALHR, p@ﬁé@ﬁaﬂ% %nogﬁ’ﬁﬁﬁﬁ' HMsaid non-
phosphat &, pref erabl’y sodi um phosphate. In one

reducing ﬂsﬁeqhasde @nfmgm thp I5Pre (o'trd, fmcﬁemylmgem 3%go 12% (W/V) in terms
ot A IS R e P SPEBEGHS! (5% SERPOATER bty o

single, Rb®IdHi¢ QerrRTRRdIVNBRIN tHcheorRbhtkRIonNEr 6@ Honlisnis Qﬂtfﬁ&hnt is from
succi nat eVBOOSS In one preferred enbodi nent, the

0.0005%itey (i ldto 6%/VD yibiskimp of B dopeenitation snthsfloxmdation,iiarite hyophilization;

(e) a bLH%I]Ein %(%nq n?/hgf?%%b ?ﬁdlgﬁéﬂ%h n{j Efs | ree?rggll geflec%H\ASr the group

cons1suﬁglaslf/lsoﬂinmnphdsbyaté h@tasamhuph@ph@rfe mﬁhm rﬁ]celh{eg)l@bdi&ml ﬁlctlﬁate and
tabilize the liquid solution or to adjust

Hlstldmﬁgﬂé'll%iﬁ‘i?ftl‘;l dﬁ @rﬁ@nﬁihq GrifreM oy bphl m Ef‘é@ls o) rth% |cameaﬁgtwn in the
formulaghggglﬁ)ﬁé@\i%ﬂhhl%tloﬁ Ogépllvh&%n?silg rstdbRlize Y%Bﬁllpp&ﬁ&g fha&d pH value

e i nvention provides a ] yop
from 5.4 ar éréi|paibi to;riyqﬁhmhmonnventl on t hat corrprl ses or

al ter at [ vg con | st senti_al I consi st
N pReie

[0057] (i) a Frﬁ embpdime ﬁﬁ&g%%gtﬁgt} EliOéndSés a 1yoph111zed

formula%@ﬂlo?I %t 1ﬁvéif9f6'ﬁrcb§ipﬁges &r%)lteﬁmﬁ%l&‘%ohé&? cRBfidIS! cﬁ” or%Bﬁszts of: (i)
(b) | east one nicotine nolecule, wherein Said

at least baf_agltco@mﬁevmms_e]@ltq preticto lcenjuRac cemposiag énital ynbddwd)ample and (b) at
least on\%%i(g)éi\f/l% %lgoit%cldllleik ?Aﬂ’%}aﬁi&% Isagllg éb Eeﬁ%taongl nk! ng éléoqqtﬁ\? gstc’é)P/alently bound to
said virbHkd pmalblbtym 111@@1@@ {dqudncR, ﬁ/hél@irﬂ daZBhinl6RERQEbAdcUdmprises an ester
consi st (c) at |east one, prefer abl?/ one

cp

n
functionglifyy| aad (mlgr@- ﬁ@ahmrrﬁ@nmoglaee leapsiging ahdekhnlcagicone, preferably one

f
single, %%}%ﬁ{\l&ﬁgé@g{b\lﬁ %Jbﬁr%é 1 the lﬁ%#@%@a}ﬁg gﬁﬁ%ﬁh %(w]cﬁsg Jlgemcharlde
is front €r3v% tof 15%8(\0/®m0fri’lltd’rﬁisl of then cbﬁt&nfr@tﬁcsmluatthe I’foﬁfu!ll@ﬁort (‘pr10r to
| yophilizatjon; (d) at |east one, preferably
lyophilization; (d) at least’ one, preferably one single, bulking agent wherem the total
concentration of said non-reducing disaccharide and said bulking agent is from 0.5% to 15%
(w/v), 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



single, non-ionic surfactant, wherein the
concentration of said non-ionic surfactant is from
wO2@005871 0 0.1% (W vVv) in terns of the concentPElt/EPI007/054604
the forrmulation prior to |Iyephilization; (e) a
buffering agent, wherein said buffering agent is
surfactaﬂf iy O()O§‘Z| 8% £4 &Jr \?rﬁl s %%co%@&ﬁfa%%h R tHefformulation prior
i um pho at e, pot si um phosphate, sodi um acet at e,
to lyoptsbzhtlom Que buffaumg agedt, Milstdial smé/befsmgiagﬁaH(SI prefefaply selected from

tionall gmw terns he : .
the groB n(‘f?élﬁ]lsﬁng:%l gnso iy w&o%ﬁﬂaﬂmlpﬁa{swnbpﬁgs[pﬁ'@tg sodium acetate, sodium
succma{eY‘aﬂd[”ﬂiisﬁ&h&/@ﬁsﬂc@ﬁ@i@%ﬁ%ﬁlcﬂ)ti‘éﬁhl@ $LahM 2€'NaCl in terms of the

conposi tion has a pH ue from5.4 to 6.6 prior to
concentrayiophi Hiczlarigation mm@ﬁ]) 1quhdr¥@tlam taad meraie baid plabfliger eagnposition
has a pif JROSKIRL 4 B DYEDLRMPLEY] des a | yophi I zed
1on 0 i'on conprises or
[0058] al ter Hﬁtdn\ie{fMprﬂSd:rﬁddS eﬁﬁf@&ﬁﬁdn@l khe Ghvedtios omsiiits Dflyophilized

agl) at | east one nicotine- virus- |like particle

formulagighjof et i8Vebiep P EIPHgSY %)altarrw‘%}g cpnsids paprtiadlye !l ogqansists of: (i)

at least((me ﬁEot RA5hsAN& %ﬂrﬁ&F f)i’gf ghﬁr 1%5% dﬂ{:@[{ne -virus-like
ast one nicotin cova ntly

part1cle3ﬁ|aﬂh H]\IAHISacIteriphamrplrefeﬂablyb@t laaslt lonk Inﬂtg)tlﬁeqfuﬁm-d:lke particle of RNA-

ereug said |inking sequence Bonprlses an ester
bacteriphag (QRoFRENE: &S mefe}a NEHP| FABYEAEG NIRRT (2) 2 virus-like

part1cle,§9rn ?elrﬁ)tly anrgg 1%é ﬁar‘u@le bg&r}gréoéﬂr %@pa\ghé{reﬂﬂﬁe concentration of

non-re I'ng di' sacceh
said corg@gbﬁ@ i prafetadly abnsS@i sheiNor2akmil, Nee@abac Goar0.2dend/ml to 1 mg/ml,
romo0.5%to 15% (W v), in terns of the concentratio
in termy Qf e consertttion wrihpiporulpiéon poghia lyeakilision; gnd 4b) at least one
mco‘uneI Vﬁ@l%gulg,n@%ergﬁ%gﬁra@ l?e!aXt (91%%110%‘[]%9 ln%l?&l'ljé ﬁ galé‘rgsplgcpund to said virus-
erein the total concentration o non
like patlicka@edrarabbetcadd satd-11kd| fartige ageRmAl Ba(f[d'rﬁijlihﬁgé%ﬁt Q)y a linking
15% (W v), with the proviso that the concentration_of
sequencgaicisshsdid dukmageaicsse eprpTitRs ansester frchionalgybend (i9)\ stabilizer
compos{nﬂ)nl ceJn é th(?%) G0 ﬂt‘(igt;]&{ea eg%%%lgone ugéi rngﬁi) img&%g :gﬁs%chande,

preferabﬂy Iﬂ@hﬂoseﬂ ohetedmnihe c@uce‘mhambf saiheo@tduditedisaccharide is from 5% to
lonicsurfactant is fro

tr tion of said no
12%, fgwg o Pc{o OW1% (Ruleyms ﬁ?tt@ﬁ NEONGENHAEN ¢ B sl P%’EWT%)?PI} fprior to
lyophlhtz!&ﬁ)nf Ofd Zgétatléagtn oRE] gg‘eﬁtl%b y%@' élhél@t | RR:iokit) SLﬂ’factant preferably

feri agent eln said ering agent is
polysormteﬁér wbérginstbt ectaedtrittamnoft dael mmwplocmmﬁamam indroofi 0. 005% to 0.1%

v, Rt QABPRLNE ol B b Reroeat G RI gyuiadon prir o

lyophili@Rtdn®N@} lay bAfSExM %@ntl\a@lerélﬂ da®f Waifefing NBent is preferably sodium
concentration int formul ati on prior to

phosphz}ty o@ﬂ’qzissuuzraph@phatg,nsg) divime pedtapte sendaing tsaesiingte ey Histidine/HistidineHCl;

more p]ie?eg%tﬁﬁl? Z'Pg%]ucgrhe% sbtgggﬁll@ll uaen(glaxrgﬁe{/rgglyséléb(i gtggi}i?eérggoin%)ﬁosgt%n has a pH
value fr@ﬁi&@itd@ltpnof felybpiBRdtioan provi des a | yophi lized
ornmul ati on of the invention conprises

[0059] aI t er hBg | RIesopt clgnatons peayadast Flall}{oyhlélfle‘br fOé@H]é‘Flglﬁ sCQpprising  or
alternatfx}ehr (%ElSlsﬁﬁgc'Bf gper aﬂr'b c;rferh?(fotf‘ﬁ% LiSs-1ik lf)?{rtﬁ?er édnﬁl\ﬁ%te comprising: (a)

ugat e, east one nicotine

virus-likd ﬁa&tlﬂafdf Im& lﬁf:teﬁﬁpﬂgé BB cindr (bphagast gucafiestablifolatule, wherein
| east one nicotine- virus- Ilkewgart|cle of

said at RApIsAEtEeqtR ABRIcae dorvalpatle bosvetr prémverabky Pritit By a linking
sequenc%?%&%ﬂ{ §aid (fﬁ’lm%' s%hﬁ]&cé %))nsfi‘sté/ bE %S-’CH béO(CHz)zCO-B, and wherein A

represents said nicotine molecule and wherein B represents said virus-like particle of RNA

bacteriophage Qf, and wherein said linking sequence is covalently bound to the 3’ position of



particle, preferably a virus-like particle of RNA
bact eri ophage o, wherein the concentration of said
weoonyagare is preferably fromO I ng/m to 2ng/ PET/EP2007/054604
preferably from0.2 ng/m te 1 ng/m, in terns of the
concentration in the formulation prior to
i n n
said n1é%1ﬁggﬁ+l'e5ﬁ5 %Eﬁe I(? g asle 112%1' c'g‘g@t%glgﬁlg%ﬁ?iggl? g ??%D?ne non reducmg
disaccharsdeg owdibent | galmouwrdrdducmgl disacchastl¢ ks peohalos¢,e,and wherem the

concentBiEp e iopaiatas o oy BT fig Ry ER BRI R rmalion pricr o
lyophilikatitfl (GoSCANERGE GRABIahS Sherdin 888 BbnAdIE birdRaInk ISYpoly?srcb%ate 20,
(ii) a stabilizer conp05|t|on consisting of: (c
and whe¢rewsthe ﬁ@cengatgfne@famlysodwée 20 i5g0-805% dwiv)ed lyz;’mqg) the concentratlon
in the fg)rmnlciil nhaigl{lgre to pfu%z o r#l{eieuhhae!rgllsl S 1d\é\gg‘t(§: ﬁzer C p0s1t¥)n has a pH
vdueoﬁ&@bﬁoﬂ&%@o@ﬁﬁﬁﬁbably 10% (W v) in terns of the
concentration in the formulation prijor
100601 | yophirhe zRiesesh; inpentiog Prevadss an A-yOPBHI@%r@Bmylaaﬁ@ comprising - or
[ r f
alternaté)SEfgé ?ms{h?%of EQ ag %)e%%:{e(%lt%?ﬁ?(ﬂ vprﬁlg-sl’g:é %Qnﬁg}]eoégniﬁ%{eb&tn?prlsmg (a)
virus-lilsupdraclt RN A Hacepophddo IIB;tandAb) % (caktvone mceine rrﬂdj)lk:clule wherein
0.005% (W v), in terns of the concentration in th
said at feastrancaHeQdiHe psn@lé‘ful@ & $oy8fshily ibeurd gsaid ajruglibepriicl enlgy a linking
g yﬁﬁ f e f y
sequenc% %ﬂ rel fd g’%e oﬁ{ﬁgé é:?%érlr]ﬁ% PQE ﬁh O@Ogég )3%621%: eatmd wherein A
represelﬁmdmkinmscbtml mateeuleranldl wherdinnB/ rblpﬁ:semis nza&l@hl:usnﬂxeq;amcle of RNA
pr fergbly is Hstidjinel/H stidineHO, and wherein sa
bacteﬂ%@h%\&ﬁ QRPzaid whepBstd Wl%ge%lelbqq iy gPyatentobausddo thy & @Slﬂon of

said chEh@ {n tlé%u ey ?R@ Elp ef Qttdf) 39? %hoyﬁ%nﬁgtﬁﬁe&geﬂt@ﬁ? %tf|09 r(1,0ns1st1ng

es a Izeé ation co
of: (¢) (ﬁlletrﬁhnadluw@ Cj&sml‘ﬂe&lcﬁt Wlhgreﬁf Salc( nbn-ﬁddublﬁgsiﬁsamTerﬂe olkd¢hase, and
-virus-1like ? conj conpri sing; (a)

wherein, lc, 6OrcPREASRr ¢} EFBARF Baceer b (HEGeOHI Spnsepiption in the
formulaﬁ%nl 1P nﬁ)pmlfzgﬁér{]e(cﬁoé)&c 'ﬁbﬁ-wﬁﬂ'? esru?ﬁaf:‘taﬁta' vghé'i‘&nl €8¢ tnon-ionic

cotine nolecul’e i's coval en bound’to sa
surfacta\mt rsmwlysoklmt@aﬁ tand| wehdyg/mahé ctmcmntgatmqlfqnWQrbMﬁei(lenO 005% (w/v)

i term e AT B o CER L Ao e oD HU Ao 1 8e Aiere agent,

whereinQ&d 8LfTerhd SR1E KM durs @hss hfeUst-Hisk@ndi i1l afN@herein the
bact eri ophage Qb, and wherein said |inking sequence is

concenttaﬁmalcérs;mdysqdbmmﬁhcmh@ﬂh@rSaldp}élgildm@/ﬁl%fdm Irip 28miMieand wherein

zer
said stagnl)lzer compos@ 016 §S a IéI Vré%on ) e6 U%I‘IOI‘ to szr@gihgﬁté?rll de, wherein

[0061] Sal d non fﬁﬁﬁiéiCVd'ﬁg pitRace réf:lfbbdﬁ?nelrﬁ the 6hadn®i9e, prévides a lyophilized
wherein the concentration of trehal ose .S 10% (w v) 1In

formulagigp f th INVRRIGLRAEFRIPRIESCH T AHCIABVEL, CARALIHS Peantilyodl @roconsists
of: (i) a{tyl&g?'ﬂ lohé 2@HAA Vlrﬁgiﬂg@?m@ﬁ% J:oqlnl!l(ﬁ%;[/ez g&é%@%@% O(a) @’ﬂgﬁﬁ'lﬂ% particle;

non-1ioni ¢ sur ant 1s
andG»mhbaammcmhmun®nm$ﬂhhahmemno&n®®ﬂ&ambhah&oﬁﬂanmkﬁuEG5@6wﬂmuw

wv) in terns of concentration in_ the for
bound Eﬂ isaid YUy epmarti%{ﬁyo IR iR 8YRICH y&ﬁ@l%tsamjﬂ?@g sequence
comprls%g’gpgsctblt fuRBidAfRLA aHéI'ISY)aJ H%lﬁEerQoglth&hQﬁ c&_%lstm% of: (c) at least one,

yOphI I zat1 on. he present 1 nvention rovid
preferatdy | grep hingliez @dn—frcﬁuq:uigamsa@ch@m:h@rwhemgl tre concentration of sald 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



alternatively consisting of: (i) at |east one nicotine
-virus-like particle conjugate conprising: (a)
wo2ooaasiorke particle of RNA bacteri ophage Qb; PODEPH)7/054604

at | east one nicotine nol easl e, wherein said at | east

one nicotine nolecule is covalently bound to said
lyophi 1¥ét'idt'1$ | KBu @ Bt, Bvheeih sBi Hlﬁ‘fe%ﬁ S ‘P@I@F Blylselected fi
i (%)n ki ng srLegl gf#ence cor%sﬁsts of g(3%2 e > ﬁlnse B om
sodium andaancmum sAccnm:w esd hhﬁldslm/HlshdmoHChdf)Tmtmaﬂlye 0a¥r®d1M of NaCl
. wh in B represents said virus-.like particl.e o NA . .
in ey G SHREGBICE Mol QO Pk OF RS D Whein said
stabiliz& @ aipesitiby h@soy%ncl vhRietfRfn 8.0 tP@, bl F&rablly 6SRIpdioNLIQbPpIIB zation.

nol ecul e; and i) a stabilizer conposi tion consisting
[0062] essenin an¢ prajérresk crmbedimeni, ribe (h&foph(h:l)?d deenyatitony efihsi myention is
stable fg) ? ?Chaﬁ We‘ek\s/\'h nl%ejrre%f]e{%l kq g E% Bﬁecdee L o%lms e%%p%%{tlllr%eor cven at
mwebnﬁ&ﬁﬁﬁﬁ@ﬁﬁmk%Mf@%ﬁ(mﬂv) |n terns of the concentratlon

in the formulation prior to I¥oph|I|zat|on (d). one
[0063] hon- |Bmoees%ﬁpf:@ctth%tpresmbrl@m igRj ProMigs i oriponstituted formulation

c t

compns?%&l@e&l %1}1 Oz%dg: In%)% I;E}g@r s ?8&{1[10%8185(%%&( \%?d/?r suspended in a
phys1oldi@caﬁ§/ mdcepﬂablecmhnmmt oratd swrilenwhiee fproferatlatin oratgr fomrmjeo‘uon In

another k)%ﬁe? glaelpln zaL! f:ntr §lzles gg %H‘%lil ;}% gﬁ%ﬂ g g nr} Prmgrab }I] I"Ehes areconstltuted
formulaHbﬁ thhgét ﬁﬁfsﬂ@@bﬂlyne%bgtabl@ Bgoﬂmgﬁt%f' xrelll}eh e concentration

ai d" sodi um phosphate or sa
[0064] H| st i th ore/ (Hesticd embbiGimens t@@mnsanued/\fmmelams dther comprises an

: t.abili 05|t| n . has H,val 6..2 ior .to
adjovang B el e R bR s P Ry pEhy Bft® nyaratca
gels or ﬁﬁmﬁuﬁ%bsplmqudmt&ngémn provides a |yophilized

formul ation of the invention that conprises or
[0065] al t er Hatong efspeetoribe sprescas siapertign| pr fdesr a clypedsst fromaking the
lyophlhge(? fo%%nulag %gofcme 1nveﬁt%rlt Q(‘))eﬁ%nsmgu %he ﬁte;r(s CoPH g? tflre%p%g the gormulatlon

prior to (lﬁ)phﬂizahsﬁby refiRing tﬁ@@hdﬁﬁteﬁ@bﬁl&ub belo‘tm-@S@@ rprsﬁteﬂbly’:ibelow -38°C,
| east one_nicotine nol ecu i s coval ently boun

preferabdybgloyy rH8'C i RETeably; laql%w b§}5 & rndh mr%f@raéb/qb@ﬁ% Tob ¢ (i) primary
drying t SorfulatR Iag ;[/ﬂe' s'ﬂglé @%nﬁ?é?&’tﬂ% CW oS ??@%r&@ﬁaﬁ% from -40°C to -

uncti ona a stabilizer co
20°C, mrofesdbdy ifrvgn GBS°C( ad -alS°(E easth thoechaptbef @rablrg ordev 0.2 mbar; (iii)
singl.e, uci ng char| de, rein the
sccondagy QA P ROTCBRBGE H1e RS Ga0RT G SRADRAS BG4y from

10°C t0o96°0w ik Y ¥a¥dber ?feg&ﬁé %91036&1 30% 6 Yhe pfd%e§se(ﬁﬁ%n9ﬁy E&Bprises a

concentration in formul ati on prl or
step of H@@@thmfz@ml@mn qtdjle ahelf teayteratyre at rﬁnoef é()éﬁlty -b3€”, preferably at -

o urfacta n the

20°C, aﬁ[ nsgeé)nqur)’a‘?’% e(f i §?rcprﬁs(§Hre }ﬂv\%ﬂla? ff’a&t:t ant is from

[0066] O. 000RY6dhe PreldecdWerbodiRicat, e frRb |cMatﬁbeQ0§%Bsdr@ 48 s pAinary and
the concentration in the fornmul ation prio

secondary [dyxipdils gt P-HA n(l@)f ta Opdiprbar.i mgfeae@éhfronmﬁ@%mbag dp @.2 mbar,
prefera‘tgg fg{ogr[ %69 1£9§ I’Hlb rgfe?afb ﬁg Aﬁj &5 d(%ﬁ e;) om sodi um

sodi ums cCl nat-e an |st| i stidi neHd ;
[0067] (f) opt hml@érmtef@rrB@&MbOﬂmNﬁlQ thé¢ Ifiecmernrgsthé)fshélﬁeemperature is carried
ncentration in t ormul ation prior

out at ra}t%%@an(F #at- P&{muarmeﬁﬁﬁ@%@frp P By z%mm zer
conpo ekr r&
10068] £07PORL bAFre AR BT T Ut Rychuio Sl the steps
of: (i) flgeﬁ:tmgi th@efntr;{lulah@l ptycmih ilydphdckafion by katicing tlod shichfemperature below -

40°C, plrer}\e/reaB{yI gerioxl)vs-SOOC; (i1) 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;



stable for at |east 15 weeks, preferably at |east 25
weeks, at roomtenperature or even at accel erated
wo esopasatvure (400C). [0063] In one aspect, thePQI/EBBNT/054604

i nvention provides a recongtituted formul ation

conprising the | yophilized conposition of the
(iii) sec'oﬁéfeﬁ'? %hﬁisfbln’ﬁﬁﬁtl@ﬁ‘ A Be ﬁféﬁﬁ%@%&q‘[ﬂr@ ffdm 10°C to 30°C with the

0 og cal y acceptable solution or in sterile

chambewa:irasureplvécbxer(hblrybarn T\hatmpcefssroprun]lzébft t@nprides an@©p her drying the

formulfpg el e i RAb R, ot 7205C EReF SeRiih ik Bombé fsure betow

0.2 mbaphysi ol ogi cal |l y accept abl e osonolarity val ue. [0064]
In one preferred enbodi nent, the reconstituted
[0069] f or rrulnapn@rpmf@rrt:q*]@m@dnmntsé@ aresend] ipvemion provisige a process for
making tﬁr liulpzeﬁffe : ru%ag[ %ﬁ nﬁ@e&ho% I?:%madljsuvatﬂé s{eBs of: (i) freezing the
Foki U el's abum ni

formulapbe @ﬁbﬁtoﬂy&p&dliﬂiﬂ@ﬂ bgeédhcn{gQﬁé 5ﬁelif ﬁém@ﬁﬁuﬁs peioty, -404E® preferably to
resent invention provi desthgwgr ocess for maki

50°C: ipapHmary fexing dienorariaban clif heraprratyre %to%%gqr@f@rably for 25
hous. 28 54 5 B DLEBEIAMHE MmUY AR by 20

preferabl;% 5@ 1(phedrey wihth yhd)eﬂambef 11382(§surp fbefoer .| r;lbzi;‘te bmfera%ll@(hfﬁo 045 mbar

fer bI be Qw 45C and rabl el ow
(ii1) sec&n& y a}fg l‘ﬁléﬂ%t@ﬂln%h tg{;tl g é?mp%/fétugq] at @0058 1th (tile chamber
pressurﬁt Sé‘IP\%rO@ Hl'o@r i)fe%f‘ab g%@otﬂ% nipafe, preferably from -400C

- 200C, preferably from-35Cto -25C, with the
[0070] charrth Opselstsﬁmmdbembvdimeat rharprogeiss i<)f gecangarign comprises an

aaitionh el SG s, Sisenly abry o, ol Gogectl S0Rop A P ater he

freezingCHRINE %rnﬁt’laﬂﬁ)ﬁtlfyeoﬂéQJf QN¢ RecZinDRbeesIdiQsRIeQe®SE in the invention. Such
optional l onprises a step of drying the fornul ation

anncaligg steph & g rq’olx W@y@l}h@s 11112¢rd:mmgg)@@1gnto(§ thejiggention comprises at
ef er ab 200 ep (ii), with the

least Ongrb %gégragg?{tégléc&lraes “geni%to gjy%%éar [0066] In one

[0071] pr ef el gdbtisriedicrredembobndhai® §icspiiteidseHtBndprovidgs a process for
i mary. and secondary drying is from0.005 nbar to 2
making ,fbeallyop%ﬂ@p@ rf%p%}atfqno% @egg@nﬁgg,cop@n@mg the afeps of: (1) freezmg the

I

formulagf)g&gf)%l ol%gﬁ’frgo %ﬂr%(%g%gjt}lggg{l]fo tteﬁli)glfag{réelpél%?vfe é@‘ml preferably to
-50°C, edthatie whambert pressued belowg0.2 hebah prdierbielype (@45 mbius (ii) optionally

annealur(lﬁ(:jl B{)' %qgc%{1gaé1%%7%rgfng%éé jcl:nl}:,l%[l(%}”h 8‘[0 H}@egﬁﬂf %g{peera?ure at -15°C,

prefera‘tﬁ?z UTl?d?ltrs (W %e&)‘h@&&é{ﬁ%rlﬁé tﬁéﬁ%n‘nﬁl‘éﬁ@ﬁ hfhe %Hélpfénﬁj%ﬁltﬁﬂ%eat 40°C,

ps of: (i) freezin formul ation prior

with thd ghaptbiet przeaStur@bﬁl@\y OrZenhbet, nrgferhlely2h 81007 ndbaper at ur e bel ow
- 400C, preferably below -500C, (ii) primary drying
the fornmulation at the shelf tenperature - 350C for at
| east 10 hours, preferably for 20 hours, with the
chanber pressure below 0.2 nbar; (iii) secondary drying
said fornulation at the shelf tenperature from 100C to
300C with the chanber pﬂrﬁwﬁgsbel ow 0.2 nbar. The
process optionally conprises a step of drying the

EXAMPLE 1

Materials and methods

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

QB; and (b) at least one nicotine molecule, wherein said at least one nicotine molecule is



formul ation at the shelf tenperature at

step (ii),
w@ 0@8A319rn one preferred enbodi nent,

W th

t he chanber

the p

-200C after
pressure bel ow 0.2 nbar
I esePtT/EP2007/054604

i nvention provides a procedas for naking the
| yophilized formul ation of the invention conprising

covalenﬂ eb(ﬁltnﬁp% Qfid \41h)s-lfkre

i zat1 on

ophi |

for | at

and Whﬁrreglf rr%r:?nfsostm

| at
linking @%89:&9/ 5% %/Eélrggtgf 851¥H'ﬂi @ t&@?oggsﬁl&? o?E
producddl 8Sietiribebéh EWP(MELE’Q&W Upbeierghl Widdp Srugdabihak was thawed at

i on at

4

he s

LR ol

5&1@& B & flfﬂkﬁﬂ#' ?é’qrrp
C|ng t e shel
sequencelwﬁmts pf éf—@H@(bC@(@Hz)zG@GE anfliwhergn iAmmpsesehty saidynichene molecule
e at. - 35C, ) )
Glfesparrlalﬁ ol @ﬁ% bapigripphaghid angd pherein said
ﬁ%og%éﬁ'iee. NHEQB was

il fnidof

the C

P rvézlﬁt?elfl oseud linking

erature

bel ow

(iii1) secondary drying said fornulation at the shelf
room teppasdEat ure at 200C, with the chanber pressure bel ow

0.2 nbar,

preferably at 0.045 nbar.

[ 0070]

I n one

preferred enbodi nent the process of the invention

Freeze @owprpraggon addi ti onal
typically for two to five hours,
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anneal i ng step, preferably at

after
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refer to at

pressul

The term "N cQo",
| east _one nicoti ne-virus-

betow6—2—b

ar,

preferab

ik

Such
e stabilizer
| east one
e. [0071]
i nvention
i zed
he steps of:
philization
400C
ssure bel ow
optionally
he
15C,
rying the
00C, with the
ly at 0.007

In

EXAVMPLES EXAMPLE 1 Materials and net hods [0072]
as used herein should

e particle

Tablezcgﬁf‘ﬂﬁé]tr@“@d}fﬁﬁ‘?s&uﬁg (a) a virus-like part| cle of RNA

bacterigphage ; T e lFE T|Ccot i ne
$tepecul g, Tiweelhei| n a.g ft gst ?&S ﬁICOtlne nmol ecul e
secoval-gitty—begnd—t at-d v..qs H-keparticle by a
Loading ng [s8dlce mhegéln saild i A g _sequence
consi st g ofl0H0CH OCO € hCO B, andOldhereiln A
%sentgimqkp ni cotige nol gcul ejgnyl wherein B
represent [oHviTuss 'Kc rtiT RN
bagtericpﬁégé(k!, and $ erei ca'Q*B4éj
Primary drying | 4:00:00 -15 0.045
20:00:00 -15 0.045
S d 0:01:00 -15 0.007
oAty [ 6:00:00 40 0.007
drying
10:00:00 40 0.007



I i nki ng sequence is covalently bound to the 3
position of said nicotine nolecule. NicQ was produced
w@sgoodasort bed in EXAMPLE 1 of US 6' 932' 971. N BCDERI007054604
substance was thawed at roam tenperature. Freeze
dryi ngprotocol s Tabl e 1: Freeze drying process |I.
: rying process |1l.Reconstitution of

]“”m”%?Q&FyggﬁbE%gg%gﬁg[oo73] As known to a skilled person
[0073] f or sdseknofvntthen st pesode®dc rsbtmeobfhhb mlytsdsedescribed below, the

...l yophilizates need brou into ueo
tyophiligh Bl ety s Dbl i Goariscrar sy o P i broghigates were
reconstihtbd with &tcrill ©fiftkakddr @481 typada®ly antl YR Eab lyyw i steRIcEt I8 hRR hAter of a
with sterile filtrated water of a vol ume to adjust to
volumet theadjiest _é4> tholaipevadimed the rfﬁnmlsl@nlcuhpmr by Iyophilization. By way of
examplé %P Elhlfl?l %L]tlw%ln%rlorh | |e¥ lg?ghlleza%%ﬁ Focess C(}n|§1estefdor rﬁg}f mﬁ)lpgrnwal then

ess consi ste
the prefﬁiabgeforfv‘lb@bakd Reultih§ Eropi ﬂfeﬂ&@;ﬂh&zaﬁ@h peskesalserce@stiutdd@ such a
fromthe Iyophlllzatlon process is reconstltuted in
volume of stsrile WPLHsh 8t thetfena] pempgsition agatrroasisispé 0t
conposition again consists of 0.7 m. Asymetrica
flow field flow fractionati on (AF4) measurenents to
Asymmaetarflavwnge N Bwiggriegaioas AF9Dhélsubédemeasieemind BLReggegates

[0074] ?n(”)nn g g gne%%%gﬁ%ﬁgté zveg% tﬁ%srdge Eﬁ%@ %‘:Slglg gt\&?ﬁ%n %lg{a\é\fog I?:hanne?th a 350

r
um spade® Cﬁﬁ]@g&g’?%e %?[1?% %%sttétmﬁ g‘)\fga@g'glzlggbg% > %}g}l o nl?ﬁszﬁ@&t A& 1310A

1s0crat1@p3®9AAngt:mslalr@@I @1379%g d¢$tmer 1Agﬂ)er®11390 B BIQ@AnuE@Satnpﬂewr Agilent

1100 G THiE @BuSle el Raleniy 00 Uroabat PRSI gtectS AEeat 1100

G13624R1 getedbor aldWgalt DAWNResNgALKlRwWcwas 1.5 m/min. The
cross flowwas 2.0 mM/mn for 18 m nutes, subsequently

[0075] r educBhe whamel glow frasnl 5 mb/Bim Rl swosaripheras 2- rmymm for 18
minutes sﬁ%’s&&wn /rgduc ?/d;l§1 ml) 1ne}n lfolgkfg,fetse dt l?e(:fd %ro ut%wat 0.15

m nu e concen

ml/min.dh aVifdl weg tiidedressfionedadl. OZﬁﬂnﬁlnfoWB nkintitbe M/\D det ect or
The att DAWN ECS MALS detector was used faor th
10076] et er hihaercsniraion HeV kY arasdiptraminedr A o Qémmathtqhé MWD detector.

The W%l ﬁgW}@ lgq@om : %Qitt eMoP \7\319 QSL LRy (M0 JABRYALHA] o lﬁr}liqrodynamlc

|qU| formul ati ons and
radius andahm stdl¢aud @ dvdiyiapdfi VLR apedes Pecansirittoftaeehindi 2(hugatlet from the

- s descri bed above e ected intp the
liquid %é%@@?% én re‘tﬂnﬁ"r@%ﬁ hyoghillegig AFSFGnEAr 6| w@% rYatepagdescribed
above) %1%9114 e@t@&%‘ﬁ tROABSLBLRLMRIPI ass transistion tenprature

[O C neasurenents were conducted with a Netzsch

D'fferentlal Scanni ng

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

[0077] DSC measurements were conducted with a Netzsch Differential Scanning
Calorimeter 204 Phoenix. Typically, 1 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 lyophilizates was determined by

means of single DSC scans.



Cal ori neter 204 Phoenix. Typically, 1 to 25 ng of the
sanpl e were wei ghed into al um nium pans. The pans were
wo bei/isioght |y cl osed with an alumniumlid, USPEDEPR2007/054604
uni versal closure press. The reference pan renai ned
enpty and was prepared in the sane way. The pans were
pl aced in the neasuring cell. The cell was fl ushed
with nitrogen. The sanples were neasured at a heating
Water coateet @fah%@C/ min. [0078] The gl ass transition
of the was determ

100791 1> "PEAREE e ShodsitmeREOk b NoghitaRs SGEl Pefliclea with

coulométPi0 Tl IMBéHR HtrBtos QRtheNkicadBPSY RRRMARaIfic THR AG). The l?/ophlhzates
| yophi |l i zates were conducted with a coul onetric

were mpgssiedslerighti mrth@ 3R glrsshvial Meadicabsnsec é@r@pﬁrvmeao%@@ Jidwgssamples
heI hiili e asured right in the 2R
were heﬁezi int eovle ambeﬁzfarqﬁﬁeawg lrglﬁrrper ature of 800C. The
sanpl es were heated in the oven chanber for at least 5
Dynanmic light scattering (DLS) neasurenents
Dynamig élg{aéicgftﬁi%(%%fgeétﬁ@ewmsﬁo flegerra P EASeaB ol oDy WaHPE
li ght e e d a
[0080] Dﬁﬁ%ltcagl zer ‘?‘ME gﬁg%ﬁ%ﬁﬁ%?ﬁ S&/Qr% gSﬁcﬁl@aeW tvﬁ]ih a. Malvern
Zetasmdrh]éaﬂlo dSi abfacetau| (af ltonl @rml b thee iquidt fotmatiledon or the reconstltuted

e At B AR i GG BB RS o
PlastibriRBsHetheafRLy i 91y &l Ivdahiadd LﬂMUﬂMhﬁﬁahSEtM@d{ dprotocol (SOP

protocol (SOP protein_m 99% he pol ydi spersity index
protein Ph 99%1)9 Tpe (ppbf]dtﬂpmmty)ﬁndehé’lnﬁnerpro;pccw pﬁ‘d‘k: maxid Nib@b pealnand the

main oo Stp SGEPETREF s BB TP A RN Bioe B0t eAlbARed )

determ ne particle contam nation and VLP aggr egat es
. /10081] Li ght bl ockage neasurenents were conducted with
Light blgchagKRgaS8ments é@é@?@tlnepaw@ aoysE e tigisarid ishegeragares

[00s1] 2, P2 ilgﬁte 1§1|Qqu ldsatr R 0, &nd “?ﬁe ey 'vé‘l% 0-a utPAc]\qA% SVSS-C

orrru I on or econs

apparathy QpBisydtaates fuehel wsb a?p%ﬁd)f filgy fop@tlatioh @nd subsequently 0.1 - 0.3 ml
contam nation. The solution was drawn through the
of the pigyad,riorgulaben qfndhe Hecoanuled &fopbﬁlrztl‘ieél were] gysgeed fpgnparticle

contamlégtuéig T%@%R&%omagr oy F‘%@%ﬁpﬁ%ﬁg 12?‘% eaglﬁqu}éér] &lount of particles

larger tiranipdénanad 24 unncaTcRﬂathapgenlw@sadeaﬁnbmedatl on of phenol
and guani di ne thiocyanate in a nono-phase solution to
inhibit of RNase activity) foll owed by RNA extraction

SE- HPMLWNAM%Z% 3-chl oropropane (BCP) - Phase Separation
Reagent racted RNA was precipitated with

[0082] i sopr dhanatickadverdhbopegdretedwasHdRwigent @t doartonationnd phenol and
s S B0 P S B PRSP b by
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 Aseonm, 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)



elution). The retention tinme of the extracted RNA was
determned relative to a tRNA standard anal yzed in the
we a0e/13ert es. RP-HPLC -free nicotine [0083] ThecwabPubl/es4604
ni cotine derivatives hydroxynet hyl -nicotine (due to
hydrol ysis of the ester bond) and
. ) s (i
wers s SR YT L S AT L R Pt
RP-HPLEQ | {Axadu 0N dbRoippibm Whidlatgsh dthaidokiaw irir auighineaderivatives). The
anal yzed by RP-HPLC (A260nm - absorpti on wavel ength_of = |
concenttiogt ¢ eaRigotiice dem Yl Ve May aqailqvg@ﬁc{ %‘Pﬂb theo Fregeseioft plop nicotine
standar@EulvB§etbrdd ngpageﬁfe'l.vﬁ{e' VeigesBS fie@hdlifd Gdrd %i%ﬂ hh?ercentage of
regression of nicotine Standard curve perforned In
total nigpéinal | el . The val ues for free nicotine were given in
percentage of total nicotine. RP-HPLC - total nicotine
[0084] The nicotine noiety covalently linked to the Q
RP-HPRC Qliannegnuantitatively cleaved during 3 h
i ncubation at 400C and pH > 11, after which proteins
[0084] wer e Phe aiiqetinatrecictyThevahgndlyoligisidstopthedQft protein was quantitatively

dr oxynet hyl - Ni Jne ined.in the supernatant .an

cleaved%gma é é’h]ElIle atign ﬁ§ g(ﬁuéj ﬁﬁépl% Agl‘é aftwrﬁxﬁlag iprgglas P"i’ie{:?di’rFﬂBltg[ed' The
hydrolySts FRERICHHG Bok $med§1-Reofiné RendN&f @l s bt%)eﬁ{a@cgllﬂ ahd ¥@6 quantified by

ni cotine share the same chronophore. -HPLG- VLP o
RP-HPLG{ Agb int) psin@08EotBE-sHRI@dj csireen asibeth yhe ledroliysis nedlucioand nicotine
Smnetse%%r% e q;gferent conmpounds in a sanple according to

hE§ainy CRoDPYiG s | arge Qb particles can be separat ed

fromsmaller nolecules, e.g. the Qb coat protein

nononmers or nucleic acid fragnents and therefore the
SE-HPIfetrHdd ks i’sed to confirmthe integrity of the VLP.

The I : . PUFA
100851 ¢t Shag LI 4 AR P ARSItk Ko igQit'd sample

accordiig ttheltaifamMalielarge QPepasidii®s GRrbcekpaldeidefdh @malesSmolecules, e.g.
performed at 260 nm Product-related inpurities may be
the QP peastpegtpinayefrospit esnudeiplaridriragnearaand therothue ths metlipdmas used to

nucl.ej c .aci ds. ese product-rel ated i npuriti.es
contim{ i ReEr e Bien ReTRprE R MR et SLdh coRBHh i Bhar the arue
substan€APRPh &ohfob & PAr Ristintii@s®ad BRAYIdd ®8hfthorhpR Rr @dugine series.
peak. For detection, a wavel ength of 260 nmis used.

Detectiory mgp dictfprmech 8t 2ePrint SPrpdog67latP anagjtiese mgy be protein aggregates,
Al _ . . _
smaller 8@?&%&% %rﬂ(g(gxc% ?J(I)dr/gyltnﬂ?%?gp&% SRh Elt%lkj%ggf&ﬁﬁ&ﬁ&%&ﬁlr ﬂhﬂﬁfjﬂes were

ora I et er
detected b B&EANPLC T whivhdiak et sisawenebd sapableeto pepdrae meehe bnpurities from
ratio turbidinetry which determnes the ratio of
the proquebpra Feretslactightd wnelanggrel 2004 srused-by t he particl es
in the sanple solution. The instrunment was cali brated
using formazin turbidity
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 determines the ratio 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.



standard suspensions in defined sanple cells. For
nmeasuring sanple volunes of 1-5 m in snaller test
wo ndpeasm7user - defined calibration curve was espebEPBhBWS54604
in a range of 0-200 NTU. 12o1 of sanple was neasured
i n disposable glass test tubes to which silicon oil
VIS.- Trd?@rﬁzs?z%ﬁ'?né& Ligksi n order to reduce scattering effects
caused by the glass. VIS Transm ssi on nmeasurenents
[0087] [ 008 7ThTtrenstrissneminsasummansas e enedtcscdweitlea dontlerbead UV/Visible

Spectro\é\imtglinﬁjgr %&Lﬁ,geam é"ve/ﬁ}{gﬁljfzg @5 Sg 3106 8:ﬁ r}o‘[il a&f}{ ao%ulation were

pipetted iRfNUVahicRNCWRIE PIhABIrARI The trn M sdid £ £B0DUHAE vh® Betermined.
Pl asti brand. The transm ssion at 600 nm was

determ ned. EXAMPLE 2 Effect of pH on the stability of
NicQpb [0088] The stability of NicQ b was anal yzed at
ten different pHs in the range of 4.6 to 8.2. The pH
of the bul kware was adjusted by using either a 0.1 N
NaOH solution or a 0.1 N H3PO4 solution. Al sanples
were dil uted to a concm%{ltpll@nzof 1 ng/m NicQb
usi ng water. room
tenperature up eﬁqﬂgg bﬁhgﬁ 1gé%lre shown in
Table 3. Table 3 : Results - pH stability study NicQb
RP- HPLC SE- HPLC DLS Content free Main peak nicotine
[0088] ( det elhe plabilibyoUNicR whvandy4ed 4t apedi{Tvmsnhpidear g range of 4.6 to

8.2. Thi%gféli&s t:htgﬁ %a\é%%v%isg ust?g %y)usigg(sel%e%m 1 él gtaggﬁ%% I%goln;sor a0.lN
H;PO4 30115’“&8 Al @arﬁﬁesg%eﬁe dildted t@a%zn&n@aﬁ@n 83 1 Qn%nﬁ N{cég%ir?g water.
21 91.8 6.2 3.1 97.1 0.19 94.3 6.6

The sangzlesower.eotoreclzatgeom tonpera@s: @ M. 1t days. 1T@1r.esmli@ an2shpe@. ig Table 3.
7.8 22.6 89.1 0.08 100.0 8.2 34.8 84.0 0.10 100.0

Table 3: Results - pH stability study NicQB

RP-HPLC SE-HPLC DLS
Content free Main peak
nicotine (determined by using the
derivatives Main peak PI intensity conversion model)
[% oftotal] at day Rel. peak area at
pH 7 day 7 [%]
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 98.9
7.4 11.1 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 NicQB was investigated using RP-HPLC and SE-

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

and the VLP of Qp.



[0089] The chem cal stability of NicCQb was
i nvestigated using RP-HPLC and SEHPLC net hods.
wehemiisal2 i nstability of NNcQ b results in thePCI/EP2007/054604
degradation of the VLP intasnononers or mnultiners of
the Qb coat protein and/or the disassociation between
[0090] t he nTH@tcht%ntaBFl ffelaenlyétﬁleoﬁergéte{sofﬁ%%%eﬁh§J1tﬁ°ﬁ‘&1%@§m% pH values.
free nicotine derivates Increased i ncreasi ng
Between plHué.6 . anBet. Jveely qutMmGraamS @ fecomkgtirendeirivaien sveeadescted. Above

pH 6.2 {hﬁgt%é)%ﬁ?# flr%?m?(} Stinie %1?%?%% legree&g tr\?}ﬁlld oveﬁ@}e\e/szgrggle t?mg Further the
VLP infe@Riyvis RMRFIvEINan Sl RcadBy indi@isingWH Refued. 8 prEBqual or higher than
integrity was negatively influenced by increasing pH

7.4 the yi¢gngs of A (bﬁicwuhdeomastd gmetncaﬂlhauﬁeﬂ 7 flayshes inpasepdi hnyE -HPLC.

of the Cb se stically after 7 da o
The relafives e @3 ?\@Ebgu 1 Fien f‘él L et iBAteRTPGRUNE degStraind 96%
whereaspé't' 01 91afd84 of q@ays at roomtenperature was around 96%
reas at pH 7.4 around 9 1 % [0091] The physi cal

[0091] st abi Th¢ phydicaNiscilhy waNicQPesdsi gateigatey Hyi hghit blockage, DLS and

bl ockage, DLS and VI S-Transm ssi on neasurenent s
VIS- Trq:qsggqsm mgqs&fﬁrmqnfsy Physisgl stabilgy of AEcQfy: the s Rbéﬂswal stability of

Nic- QBz,t 3?' gt 1¥er%1n Fef?crﬁ(e?o\}lﬂES %%@lé%?godn gfﬁleel ;Jgr%ef e(gﬁy ol f é[%rlee analytical
methodmmsmmqwﬂs fehddd a%g%gﬁt%rh@ O { uAUAGLELAH AW B, The DLS
val ues equal and bel ow DLS neasur enent showed
measurdrhertt shdveedptheipbe prapertein afbe mainpoekakcerdeed edsledhapiakeromprising

t he peak ,c rising VLP, a egates and ol i S
VLP agetpBS i SRR TR SREPErRy ARt oC B R asgugd a pH-
values @(ﬁuap M@l geesy saalhcanduipe bpivined by THR BIBSkHt SandbyE-Tehsmission
by |ight bl ockage and VI S-Transni ssi on neasurenents

measuranadritdiedliddtet e finding Hyt whthe decrehsing gHAYieQSitenglegd b Aggrepdpion.
tended to aggregation. EXAMPLE 3 Effect of freeze thaw
stress conditions on the stability of NicQ b [0092] A
total of 36 different formulations of NcQb were
subjected to freeze/thaw cycl es. The sanples were
frozen at - 800C and t HaweMPAE 00C to 25C. This

for o e A S IR S5 BERERY it B sRud hEp i

freeze/thaw cycles by DLS neasurenents and by |ight
bl ockage neasurenents. [0093] Effect of trehal ose and
[0092] t he addiotdlof Hf digtEirgns dobuuletidt of RonQfumard ewgected to freeze/thaw

cycles. g‘%gn'gsrallal%Fd Osd c/@gnvalylt—ﬁg%‘% \m‘l{lt her 0 to &0% ?é?gabﬁi zreeze/thaw

cycles %@re Fé@%até@%{ t5S tiffes. m@hé@&%ﬁﬂﬁ[@l@t\%e@m&ﬂﬁ%@ SR dd¥eafter the
trehal ose containing fornul ati ons w thout™ pol ysorbate

freeze/thavo wedessbysPLL§ meadler@mea@ endby ight bira¢1<mgp ewnmmneraﬁ
r.ehal.os

incre Thu SN :
[0093] . i nor e ofltrFE lose tg’%fltd%mo? g(/%?le oofrg % B gat1\9n§ comprised
0.2mg/thh Nec(®f, fe@tﬁér ¢ Qi 11)%) QrcphIBYE NJreck. Yy 308t Nddl WidNoOvithout 0.005%

Eolysorbate 20. The |ight bl ockage results
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 NicQ. 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 um in the formulations without polysorbate.



supported the DLS neasurenents. A significant |ower
nunber of particles > 1 mmwas detected in the
w@odogasmbat e 20 contai ning formul ati ons after PEEEP2007/054604

freeze/thawi ng as conpared2to the nunber of particles

> 1 mmin the fornmulations w thout pol ysorbate [ 0094]
0094] Ef T ecEpof, i 4B an W onCNeEDh ' 4P @skidd 8 polysorbate 20 —
[ ! addi t”gﬁfégiﬁf fsoraateogo - Fornul ati ons ééhﬁffoyﬂn'ae
Formul@icsgonprided (Dimghﬁ%\fh(r@hal@%erehpldsﬁ pH=6&4r vaoiess concentrations of

concentr at | of NaCl with wi t hout 0. 005%
NaCl Wﬁgw% B‘étt(ég $o pelysorpate A0t é,fhwesvhtﬁeo ESE DlSauegsuraspnt showed that

NaCl hfcf;@{é‘ﬁ 3%’ r%ga]g?égat Vl:eﬂefgl gg[s/%ﬁlt Hﬁéﬁgg%&%@v%af The PI’s

of the sIdilﬁKBl@lmktrbmé wikle freassthgViNA (L cmemmng alNatkhe freeze/thaw cycles.
concentrations after the freeze/thaw cycles. Thus the

Thus thg physiea] | stabilgpiofi NigQBvay Selicuasl st%‘rﬁefl ivainteipapiag Gergsntrations
i n
o NSt g0 R 89 AARBECBLIbLA0R] D bR i) cou b
compenkatsd 82iNd( yoseulratidis oqoaad daloeddd oM . NEHeke results were supported by
concentrations g‘&ual and bel ow 90 mM_ These results

the lighpdecka EF‘pB&a%IE%Fn T figry thepéngcdie toreniifioaRerhout polysorbate
shoned LR SARLAEAN A0t e L) 8} RIHORL ey goun o
aggregalt@r gae atbigion Jofrpnlyﬂmhhkb Pogreahed the hixglgiticin®muilinodf no particles
| tl?gglr egat esg %’ge addi ti on of pol ysorbate 20 prevented

arger Ly, lé@g’i‘@@ tiegad-as al nost no parti cI es | arger than 1

10095 YA APl L g5ioR or Bl LR HPH B et of pH
the addfti 5 efr ysor ate ﬂq £781% of p P

rangingl &o@i Hig tbromdn Alet@abﬂlt?l ohthich@ratiatibhd iry thef pichdice or absence of
formul ations in the presence or absence of]eg]odsor bat e

polysorbgge 38 were peestiggiad. e@om&tmﬁ &PMprsedc AP Bntf) i trehalose,
alh0se 0

o BRSBTS A PR DB Tl Do

findingd frémftha ﬁH%lIﬁt&@mdy%s@ﬂie& iR BN ANIPLEI U redé diniiyetheipheparation
EXAMPLE 2. Already during the preparation of the

of the fospyHatian |sehtions.uthk dieportipe obrtbpdnain c@P pask we fdecreasing with

decreasgllléfer rﬁosﬁ(g ger%l[ﬁ’ qgrcf)?g?u? %égn%e%tsg@: {lglggl n(—.?h&umglconverswn model.

On the COA¥E hSiD I’[hede 8las (Aerdabiagotrheraddans bh @08}&0%@& 20 prevented the
i ncreasi ng. The addition of fpoI ysorbate 20 prevented

aggregafine Qlgdidatat dasted Pl calyentolt edt el g VEribesmerr, 6h6‘4 addition of

polysorﬁagg U%O %e(m,?gcrl tt gr egg%rg?egaghrl? ecffa ﬁd%(% oagt S%HQ %l X[S orcﬁ? ition o the DLS
measur@ﬂéht; ih‘é rl‘es‘il@(s bbﬁm@h %yrm@ﬁgﬁtmge hlRgsuk &Rt %%M&é'tﬁ&@ findings.

dg | ockage neasurenent supported these
The abfbvmd@ange vh@r@mws nafislscimi the dcowksseely Hiid @Hsstnéjdém RLEhand light

blockag]%gnge;alssjer 1(1)1f tivlzf]%\ér ns1s nl{q %g\gﬁpgr%n%ntlr%g)ht 0?'3)8 Cébagg and 150 mM.
concentrations of 30, 60, 90 and 150 mM EXAMPLE 4
I nfl uence of varying conpositions on the stability of
Ni cQb during freeze drying [0096] The N cQb was thawed

at room tenperature. VarpuerfEof mul ations (as shown in

Influence of varying compositions on the stability of NicQB during freeze drying

[0096] The NicQP was thawed at room temperature. Various formulations (as shown in
FIG. 1) with varying NicQp, trehalose, polysorbate, NaCl concentrations and with varying

buffering system were produced by pipetting the NicQP into excipient stock solutions. The



FIG 1) with varying NicQb, trehal ose, polysorbate,
NaCl concentrations and with varying buffering system
wowsg/1pveruced by pipetting the NicQb into excPQI/EP1007/054604
stock solutions. Thesolutians were stirred on an | KA
magnetic stirrer for 5 - 10 mnutes. The final drug
SOluthII%q?llé%E 'sﬁlq'éd Wl IﬁAefﬂagﬁetfc' étfﬂref”f@rdS ( Q0 2in BT "B{E @ Qirug solutions
er) and were ' yophi i zed. ?0097 Briefly, %
were stedrlcl gltmethQOl Vnsmwemebrhind fikka) amt westten llyeplﬁFizegil ass

[0097] \6| ?l n{ﬂ o,renhtFP fggsro {Q%%/:ngr}g éf%ﬂ'ﬂ{t%g‘é%?% g%n lass V1a|1's From the

formulakiBRTHORIONSASRIO ot pegrer fo.h| gd wek Yilled -per vial. From the other
Pol ydi met hyl si | oxane and ETFE

formulagipasy | lehret @t r af¢raor GBechy | en) - ikt elolygiopsthivlsiloaenon and  ETFE

(Ethylenet?rpﬁf [ ?oe@h ?Sntg c%’%}%ﬁ n@oﬁ'ﬁfslz%)gle erﬁéelrr]s(s: ?z\)rerste gﬁfruﬁl%a%el?thcgg Services),

were plh@’dﬁpbﬂltbltlﬁ@tvham TieanaBr wode @arfshurtcdtinfap el 198pRtidadioR chamber of a
reeze drier (Martin Christ GEfrlertrocknungsanIa en

Christ Epmlon . 2-Eh &P firqeapmsisicn i Magingdiripio fastrisatragkngngsapleger, UmbH). Shelf

cnpurfy S B AP0 0 9, M OREIORENE, e 5 o

Chambahﬁéésumasasrtanme@ﬂub@i to3b Gt ambhCtind shetihwlashiahghed oo QS(YC at 1°C/min

r Afte rds.t Iftmmmaune .
and held% 620 gury AtsTerisd HS%Q? EIRSFALYTS VHSURSC ssma?é)e{a 1|t°§/mm and
held fort ﬁﬁho%?@ |Sfub§e%‘1ﬁ¥}ﬁfyathk‘ Eﬁeli’\@ﬁlp%@d'uﬁ@ Céva% 92idQ06 2t Qi 8SAinkin and held
and for 10 "hours. The lyophilization chanber was
for 10 hdwen Ehﬁ éycahllwatlbn thdrolgr edasdhyn aeratedgeith fide@dGirgarogen to 800

d th
mbar arif{fs B s ToA G P B Ui obaRy i The ERatide rerapuge from the
chambe$ ea&ﬂdegea%d Rviftl IERp@ ¥ rebaised fier AbdBY dffy[@e%ﬁblir Y}bdﬂ)ﬁlhza‘[es were
stable Iyophilizates were achi eved, sufficient cake
adﬂﬂméx$@ﬁ@@ﬁéﬂ§h§ﬂ§ﬂvéﬂmsE0@98] The results are shown in
[0098] F:)Gi y%% | Hl%s %re os%ll)%gﬁa 'FVGa f? f’ﬁlsusr\ﬁ 0 &8121%65? %ra%? I%rrplulagons prior

to lyoplﬁll122[tgfnn‘$v1th Qfa%fn@gTwaQ)o (tés)teﬁihﬁbms@ 2{nigadlt &2 f)ﬁl(gl’mﬁ%rélmlose (tested
. /% sor bat e Etested 0.005 to 0.01%, Nad

from 5 /eé)‘h %ﬁr yisarbate (tgsiegil- 605 19 (BHYR) NaCll conggnizatings € dipng 0 to 60mM)

all had %orﬂf)ﬁﬂfre c&’?‘t@n‘[ lg?%lfh%l %Thﬁle Eaﬂ 8% tﬁehﬁ?ﬂmy F %\Il%[ﬁ-’ghg&ners and

onNers an b aggregat es of

NicQB- ﬁr@atgga@&e@k fhe rabbl @ hic@iioncdi @riQlatibmCdidass 1@5@&&@@ A% 1% after
ter freeze-drying in conparison to the fornulation

frecze-dygihg e comparzende yha fprmalation delpre eene-hpFag, Fhanabizgd by AF4. The
DLS mrera?ﬁ%%gﬁ gttrses 0 e%i t%V\Pglese ?o(rgllu;wa?%ons fhacrl lpf)b%wgers%y Andjees fPI%Ntypwally

per sl i'Ndi Ces

equal aﬁd %ewwl ohend rt@@?fépo@tﬁbrpt)f tﬂlitenm NibD)B Pk PeAKnBST than 98.5%
hi gher than 98. 5A)re3£ect|vely, as determ ned by using

respectivply, gofleipmisehbe using iherveleme Werp@mfmeépédTma@wm@élanalytlcal
usion.tha

measur%ﬁ;ﬁ%? Lﬁ”ﬁe qﬁ%l o??‘&ﬁ(ﬂé r%la{‘a' th Coenacb VB é%efngog?& S(fngl%ll 10n<1>; Hv&re capable of

stab111z1hIg @\@Qbmﬂleeoﬁ@ﬁﬁ@mrf ﬁI)IInCUQ(f meMiGo 2Gngeim to 2 ng/m .
0099] F22RL, which did not contain_ pol ysorbate 20

10099] had aF Pl avBisldid gt pofdn nobisprogin s harlcupelydispusity index (P1)
value aEO_l{%lﬁr@gwl?r’th R’%&ﬁ? Lﬂ% glﬁmt (;}eth%%@utn%s 8f I\N:(Slgohgomers and NicQp-

oners an
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.
[00100] FOSRL, F39RL, F37RL, F38RL comprised 30mM, 60mM, 90mM and 150mM

sodium chloride respectively. While the presence of polysorbate 20 compensated the effect of



aggregates increased about 5. 5% after freeze-drying in
conparison to the fornul ation before freeze-drying.
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necessary for the preventiam of VLP aggregation.
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[00101]0f t hEodroforMbiatib@NE 30RS., FBRPREAFSIRIL NFI4RE. i@ RYE. Pf wéROproduced
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substanjiglby Basing as dessabes e BRAMRIAMH
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increased with
¢ lhne eplung ¢fdhe 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. Alternatively, the formulation 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



[00103] The mannitol fraction in formulati ons F30RL,
F32RL and F42RL produced w t hout applying an anneali ng
W@ b@p/13e32 anor phous or partially amnmor phous. ThECT/EP2007/054604

manni tol fraction of fornukati on F42RL and F54RL

produced by applying an annealing step was crystalline
chambe?fv&la@ rtth %? &4 it fﬂga-rec[ &)lﬁjtgfﬂ) gch® gO@rIHHelradthQHé viaOfre capped in

F42RL showed no significant clear Increase
the lyopziﬁhmmen shambér. fThe vaalo wers rapfiovisil d@hn ohd gloamshres aaddealed with Flip-
Off® s qI_\IhiécQo- aggregates after freezedrying as anal yzed by AF4
asurenents. The DLS neasurenents showed that the
[00102]t hr eeThoriat eas pagehiROIsHEW S PRI FIGY 1. ndifeeSlybfllidization stable
bel ow 0.2 and the proportion of the main N c peak

1y0phlhwa§s strm aghievgd #anwéﬁcwmtaﬁk@ grugturg gvad ebeinedn &bl mpl&uma iggntent of
the thrclaen g}/%p%ﬂézngif %(? A aglﬁ)lrrhggxflerlrs? hg)lcal 8:1?{3f0w }HJ%I%IQJ%(?IF %grmolangy of the
formulagiofls Nia€ Qq;lcaaggmematreﬁgeam 250 io 84@ ¢mdsiikay Hiwbsdndl@rlty increased

determ ned via AF4. [00105] Light bl ockage
with increasungrleshaless aahpaesitol keceph@iqar ti cl e cont ani nation of

the r 0 I
[00103] 100 pﬂ%? Cctnglétblliﬁggh(ﬁlm Hggéﬂ‘fﬁ%g’ﬁévﬁﬁﬂ%gﬁi X?&"%MQIQ’L produced
w1thoutpamﬂymg es annbalinp wap wyP hmafﬂhymbe;quwﬁ?ﬂ&Oamemﬂmad €Bhe mannitol

Thes ults owed that a m xture of
fraction; ?éﬁ%f%éaél%nﬁ“%ﬁ@m‘. HS 93u°§9c;lw ABPlHign Y Gnnealigg step was
Crystallﬁgaﬁbllfrgé%ehpﬁréé\ll cQb during freeze drying. EXAVPLE 6
bility studies of freeze dried NicQb fornul ations
[00104]] 00106he FpxreulfioensuF3@Rlon$3HRRRind IF%RL shélv(aéLno Fﬁﬁﬁﬁcant clear

. a F54RL r oduc anti al | sane
inereas §BE By B58 °f FEXRUPLE O AP EXARPES &) DI sehlps afer freesc
drying XQ L HATe R b hery h?éa%r%%nt@ opt Dﬂ@%&ﬁre&'@ﬁ’ts showE? CBI}QEIE[ the three

formul ati ons contalning trehal ose only (F35R
formulaBd6Rhyd p@llyélqutmnh indicee P redkrw 0 Rearfdotht guépagtion of the main NicQp
peak Wat%gggllg{tjbzggghgsﬁg ¥ ) en‘p %%t@%%%eq l\ol\}lglsm%gj?i{\@rv% aq.rﬁcglrt > VgI‘CS:/lOrR model. For
u

formulal%ﬁsf%g L dtt %‘g g{] o m&ﬁlg é)trﬁgheg %1??&7’%? %ngh r%ﬁﬁleﬁs PHRENicQp-
aggrega&sbﬁteﬂftee’tbldyymgeoﬁslhébfdeteﬁﬁmed ataukB4.was raised to -200C

at 0.1C/ mn and held for 10 hours bsequently the
[00105]5 e £ L{gé‘ﬁﬁéch?gf‘r Biegpigengnts shoygd ilﬁ)%éﬁﬁtpa% @@cﬁ?ﬁﬂmﬂwn of the
reconsﬁ'aﬁ&ﬁ1>Iogﬁm%&eb%§ u{aﬁg OBk, Fdogparreaw 3bi, 0 &Rt @dcﬂ'h@ Gmount of

bot ehal ose a ni t ol A2RL) was | I8ph| l1zed
particlesthdewm twee tyoédligviichgy éﬁﬁwpm*tldnsperﬁnle IThesteenqmths ahcnwee:l thaisa mixture

| t . 1.0C t 500C and hel
of trehg Gt o g Trlie st 5, PR qlrbL e, R GVisp8 during frecze

drying. Mbar, the shelf was ranped to -15C at 0.15C/ mi n and
hel d for 20 hours. Subsequently the chanber

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, FI6RL) were

lyophilized under the following conditions: Shelf temperature was lowered at 1.0°C/min to -



pressure was reduced to 0.007 nbar and the shelf was
ranped to 400C at 0.15C/' mn and held for further 10
whoeo7a319f00109] The fornul ati on cont ai ni ng onl PCT/EP2007/054604

manni tol (F54RL) was |yophi2Bi zed under the follow ng
conditions: Shelf tenperature was |lowered at 1.0C/ m n

50°C akPhel@0QCs@rdrre] Hodt. C@Q%rfrlﬂéssﬁrem&g then '%&11%@{‘@@'0!03:9 mbar, the
step at -15C was applied for 2 hours. The shelf

shelfl waenpepad uloe-368€ hioweC@int and HOWCI@NAS hieduds. aBubsb@@@tly othe shelf

emperdy B SRR AT LG e WAL SRS e Ry ne e
temperdd@t Gvak @4isct0o POBC 9t 0. SUOBEAYRNLENM f6NR) kKhiagber pressure

was reduced to 0.007 nbar and the shelf was ranped to

[001081400C &ke oformdativnm eerdainied ot tfreheldser and mewmigol (FA42RL) was
1. L0011 f l.yophi |.J.zat i table |yophilizate .

ophiliZdt Rt 4 P CRIER SRRCI ARl SRR RSP 19 nin o
50°C asdihéld cit epioCC 8¢ 3 Bbursl.cChtrEbangsiesotrean ethen [r@ikdd ko O0a5 mbar, the

sanpl es were stored at 2 to 8C, 25C and 400C up to 25
shelf wiye ggaapedTie 1aMala) O I0a¢ miastidt e ldubpra2h Apwis aPrBregisaily the chamber

T t iAlnb I

pressurg bl echuodl 1l GO PSSl b Bk € 3L B0 /o nd held
for furtlerdblheudur i ng st orage, even at accel erated

tenperatures. This was observed for all_storage, ..
100109 o el € Fo AL TRIRYORY G aypa gLy W@n@qa@“ﬁbﬂ@? dyagilized under the

followir}geEﬂ?ﬁ'[tlﬁ)ltn'é.r Shaf theh{f)%rdtme %sllb%@tteﬁ%t Wigkb okt (FREMIC Bhd tti\ﬁé at -50°C

ypically in the range of 600C to 1100C and was no

for 2 hairs.eAwdnséaging fstapaatt 11§ °@ wais rgpEed fagk houtheTlos shodl fateintpgrature was

oweredsSt e P01 19T Trie 3 i SR Bsmourd die e s 0.045

mbar, th/ SR Wvhe Etnfear LUl 840 ane. 19as/nhielaQdY htld0f¥o20 ThRird®ubbddiubntly the
content of the |yophilizates stored at 2-8C and 25C

chambepgressura ias reduced h®007 niver gndihgghelf avas 28mpeeetost 0Lt #4 Ogld °C/min

hpcr f ter content of less than 0.5% The
and helﬁhgoggﬁﬁﬁeﬁz@th@\é}%é,t ored at 400C led to slightly increased

[00110]Di St Arfter ¢yuphEivaton tshdlavitophilicalt endre alch@ied Warlagek Mase dried
typi cal | ¥ bel ow 1.7 % conpared to about 1% before
formulagippy apglesulliaent £afe stristue s pdieiedanount s of

[00111]i'\“nCtQﬁTHé is%ﬂgﬁé %&Q%t%&@F%%@a}s@é ?{'0‘346@ ub"6" BASRcks. The

e tr ose or trehalose/ mannito ased
analytichbresuitsatverenmrtaf tyeshotvhee Z8GdB yTingcaks sameatuyz edithbyyddhdlizates of all
a. slight i rease of | ess

trehalosgﬁ gﬁ ut%e qgé(%@aﬁflb(gre :i)g%h? rSOar?lgala,ﬂ?Flgt Bhstahls gfuring storage, even at
accelerdtdP %ﬁﬂe}rz&@ﬁek.@hi‘é‘%s%%%@ doR8ll %gﬁ‘@ézl&qldﬁ%rﬁ%d t#B€ points. The

manni tol based fornulation showed a clear increase of
glass trarsgiostempératune obihe Uperdilofatas veiioud Imagonelrsasaiypliclile @othe range of

o .aggr.egat es. OOl%'ht.lokae.rresure ts .
o0 GG R b el A CRPLT Rl JoEF T Somotarity of the
formulaiBEOWES inttHE BGhob YORND 10 ZBt[aRsAfitgr St orage was
typically bel ow 500 particles > 1 Omm per m

[00112] The 1nitial 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 after freeze drying as

analyzed by AF4 measurements. After storage a slight increase of less than 3 % in comparison



t hroughout all fornul ations, storage conditions and
time points. [00115] The DLS neasurenents showed that
wo b@7ngwenstituted | yophilizates after storagepdT/@monhnes4604
four trehal ose or trehal oseprmannitol based
formul ati ons had pol ydi spersity indices (Pl) typically
to formRELiNY %1(?( t@rlgopﬁﬁll?zaﬂf)ﬁ 5tbQvaf ad Q@dlﬁﬂ rbyNkP@l' HRe@Knnitol based
was typicall I gher than 98.5 % respectively, as
formulatiet ehoweteaicloyr ingicarg of e spol onthe aooues i dincQibdegomdthiasd NicQB-
S observed for all fornulations, storage conditions
aggregaﬁ%d time points. Formul ation F54RL showed an increase
[00114]0f t hEigRPhYsTk SRE hizhdu¥erhHEXhoRed, Oths: Bk pRBEle ToffadBfation of the
for 6 weeks at 400C. [00116] The |EF, - HPLC ( RNA
reconstifyed dyaphylizaterRfigpisEregomal thpicaly helpw Speerrtshest TylOum per ml
ontent), turhidity and LDS- Page neasurenents
trough Tl BN, g BAdaRRa B G, Tenal bse anc
[00115]t r ehalres BSangist@imdaashowto i kirt rcesstifuddd 1gbphiBiasseger storage
onditions and tine points. Reconmbinantly produce

from the fpugérehilRe Parahplopemgpnity begqsh f@anwl9tlwrhaéimlwr8%)wdices (PD)
typicallg?&tl%w#)gsand% ?#&g?@@n?&@%%ﬂ ghcg?ﬁ%éaﬂ%d’s t%?i@?lfyegighéﬂﬁan 98.5

rus-Iike par cont ent
% respaoticay, aselctbemined by usmguwhas vélomeabhvdrsieh alodske Taisdvas observed for all

trehal ose/ manni tol based forpul ati ons [l storage
formulatigpyistorarsCRALORS e (BT APSLY Euﬁﬁ%fw Iﬁée%hfws%a%flmre%e of the
polysisﬁr%? tgfl inGQUR 8. M &Rl s@@ra%@%fr datkimngdcw th RP-HPLC

611 urenments. The anoun free nicotine derivatives
[00116lwas i hbe ¢RKeSE-UPLiO (RNA ditdgmty)o RPIHEL CottotebaRbting) o Apectrometry

s SRR o0 el SRR P AL Sl O or

trehalose @Rt @Rthalebe/MNuffdd | WasedNoai@htiddvanr 9 sthrider @uaieud agd time points.
trehal ose and trehal ose/ manni tol based fornmul ati ons,

Recombingnglyppioduecdanidusstike agaickontiQf dyrgcallyheomainahdsy RNA molecules,
hich conteﬂt.otfg Ni cQb was Eheduce .to 93, %in fornul ation
which aggtsully n thp TeERAgs oL the 200 ks P28 CliSeks [00119] The

[00117]Per f oTREd c@figty tdfC dtecMBASHIME MR SathvRd tdst M8r all trehalose and
conclusion that all trehal ose and trehal ose/ mannit ol

trehalosgarasaitp bbasad deinanalicas calt stomgiceconditioss and Itimei pyyniN tyleally below

0 ri;ng lyaophilizati an ol. ' rage v, t
1:5% oE A ¥ REEH. Bl 8RS Bty e @IS qmount of
free nicétineydupivialil &edlasf iaérdtedtupas 4c0%nifsinngatidnl J54RL hgamsdtorageat 40°C

ni cotine-virus-like particle conjugate conprising: (a)
for 6 wegkyi rus-1i ke particle; and (b) at |east one nicotine

o187 SCHhESE AL 9| HRESIEOF, DS BEAL oo
NicQp |WwakKibighes etpa@n@®, % throughout all trehalose and trehalose/mannitol based
formulations, time points and storage conditions. The relative content of NicQRB was reduced to
93 % in formulation F54RL after storage at 40°C for 6 weeks

[00119] The performed analytical measurements led to the conclusion that all trehalose

and trehalose/mannitol based formulations are capable for stabilizing NicQP during

lyophilization and following storage, even at accelerated temperatures (40°C).



wherein said |inking sequence conpri ses an ester
functionality; and (ii) a stabilizer conposition
w@opns®ing: (c) at | east one non-reduci ng PCT/EP2007/054604

di sacchari de, wherein the cencentration of said

non-reduci ng di saccharide is fromO0.5%to 15% (wvVv) in
WHATUS TR\ RiEDH € concentration in the fornulation prior to

'yophilization; (d) at |east one non-ionic surfactant,

wherein the concentration of said non-ionic surfactant

is fr 0..0005%t0.0.1% (W yVv) in ternms of the
'once’?}tq]?%ﬁlﬁﬂ&?%i f%mgtﬂ@tqnoqq(gmrg%r}gon prior to

| yophi |'i zagj gncastset MBATRLAnSAK gﬁhﬁ@é J:dtﬁlgate comprising:
conposition has a pH value from5.4 to 6.6 prior to

| yophi li zat i on.(a2. TheirksBlhpdriigledardor mul at i on of

claim1, wher eiQ sai éjtlnos?' reerql.u(():tiinne dlieaﬁgchari de is

sucrose or treh bI)ose. 5 e 1lcyophl PZ€q fornul ation

of claim1l or 2, whetw@tRirs@id ankastr@dudedihe molecule is covalently

di saccharide is trehal ose. 4. The |lyophilized . .
formul ation of any obungfto fpdd yirae-dile Mgrticla by linking sequence,

wherein the concent r@hérgﬂl Ofai aiiﬂ(i%/o %%@%%%%OEE\%P rislesn an ester

non-reduci ng di saccharide is from

terns of the concent fuatiiamality) ahthe fornul ation prior to
| yophi | i za&.i on alnd wherein preferably the

concent r at {1 SEPTEST EOmBROSORLGOMYRIS g N - ¢ educi ng

di saccharide is30% {1k | dhet @bAReRicideNQlisaccharide, wherein the
concentration in"the formulation prior to

| yophi | i zatdngentBtiohd dayd phi-ré¢duethgef disapahaideor fodmah§®o to 15%

one of the, preceding clainms, wherein said,stabilizer .
conposi tio /?/Lrlflhéeir%éoﬂ‘grtggego%?eﬁtﬂ?%nnéna Sn?QHI%‘ha%L?Heprlor to
| yophi l'i zegof,lg[igg,ﬂo@gi on of claim5, wherein the total

concentration of said non-reducing disaccharide and
sai d bul ki ng ageht iat f lesh 00596 menigue (wulaciapt t evhggein  the
of the concentration.n.the.fornul-ation prior o o
yophi 1 1 2t bl RA! g PP S SHERLC B Bk YodoSoe 0 0.1% ()

concent r at inagrm@f o fSA¢ Contomratidaue tixdotdhslatahpddrde Iyophiization;
| east 0.5% (W V) in terns_of the concentration in the
f or mul at i oMldpWhereine Biq ylapilizen wappasitionzhas prpH value from 5.4 to 6.6

| yophi l'i zegl..§.9 ahi9opf claim5 or 6, wherein said
bul ki ng agﬁejrﬁ(%r 6i%hanr%|9tl% ". 8. The lyophilized

formul ati on of any one of the preceding cl ai s,
ther ejnq Ihe - : : L L :
. e lyophilized formulation of claim 1, wherein said non-reducing disaccharide

1s sucrose or trehalose.

3. The lyophilized formulation of claim 1 or 2, wherein said non-reducing

disaccharide is trehalose.

4. The lyophilized formulation of any one of the preceding claims, wherein the
concentration of said at least one non-reducing disaccharide is from 3% to 12% (w/v) in
terms of the concentration in the formulation prior to lyophilization, and wherein
preferably the concentration of said at least one non-reducing disaccharide is 10% (w/v)

in terms of the concentration in the formulation prior to lyophilization.



concentration of said non-ionic surfactant is from
0. 0025% to 0.01% (wv), preferably 0.005% (W V), in
WO e0oTR3DI2 concentration in the fornul ati on priBPCT/ER2007/054604
| yophilization. 9. The |yophilized formul ati on of any
one of the preceding clains, wherein said non-ionic
surf a?i"ﬁ@[% hidi &Pf&ﬁﬁfaﬁ@ﬁ?f %ﬁ/ okt tﬂ—@ L élhl'nﬁeqzherein said
f'or mul at roh  of any one of the preced ng clal ns,
s heirwospositivn furthel cdmpypas tibolkeng sgeat.vi r us- | i ke
particle of an RNA bacteriophage, and wherein
preferably said virus-like particle is a virus-like

garti eheephithd RestRiibeBNaER) Pwhdrdin (HOB td1XeRknlrhE&Hof said

formul ati"on of any one of the preceding clains,

ngrerediging dlselcqhanﬂe aryl mb}éhme agctrt% o (b$% to 15% (w/v) in terms of
@Slcgnﬁn T t1 N vﬁo&nﬁym é)I‘lPI‘ fA l 12%21?1 n %ﬁ'thel prﬁ\%(s)(g J[h&l? the

Eticthtedtion 01 gald hbe-rédueptyl dlgazseﬁhrﬂ‘d@ figatlladst ora%v(fw/ej il totndslof the
wherein said |inking sequence is covalently bound to
¢qpecrgratigndn thedprmaylaideq prigiite SapRBizAdecul e, 13. The

| yophilized formul ati on of any one of the preceding
clainms, wherein said stabilizer conposition further
T.onpr Thé hophilibed foemutagonagécihins 8loe 61 etertinaaidstadkiugnagent is
phosphat e, potassi um phosphate and
mW%@Eﬂlne/HlstldlneHd and wherein preferabl ysaid
stabilizer conposition further conprising a buffering
agent being Histidine/H stidineHd . 14. A lyophilized
8.or mullh¢ lyophid:ioqufdrmuhgon of dInyatnel cddlsd preoaling claims, wherein the
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one nicotine nolecule is covalently bound to Sa

virus-like particle by a |linking sequence, mhereln

aldmk n seapence consi st s of @ %EE% ?ﬁ
2nd hd l( QIRZ? L orr%1 El‘u 1 of any,one ocf 6 precediig.e arein said

ﬂ‘tﬁﬁfoﬁ[d’hu&aét@ﬁtﬁ@q%e%@rb&alm viruslike particle of RNA
bact eri ophage and wherein said |linking sequence is
covalently bound to the 3 position of said ni cotine

@l ecyée Hoﬁfﬁ?%d fokmBaBibARE %ﬂf g'%}alms wherem said
conpri si ng. C) one non-reaucl ng
siasdlibeoprrti e isca vigus-like particle of an RNA bacterlophage, and Wherem

preferably said virus-like particle is a virus-like particle of RNA bacteriophage Q.

11. The lyophilized formulation of any one of the preceding claims, wherein said
linking sequence consists of A-CH,OCO(CH,),CO-B, wherein A represents said

nicotine molecule and wherein B represents said virus-like particle.

12. The lyophilized formulation of claim 11, wherein said linking sequence is

covalently bound to the 3’ position of said nicotine molecule.

13. The lyophilized formulation of any one of the preceding claims, wherein said
stabilizer composition further comprising a buffering agent selected from sodium

phosphate, potassium phosphate and Histidine/HistidineHCI, and wherein preferably



di saccharide is trehal ose, and wherein the
concentration of trehalose is 10% (wWv) in terns of

wo b@7asncentration in the formul ati on prior toPCT/EP2007/054604

| yophilization; (d) one nom2ionic surfactant, wherein
said non-ionic surfactant is polysorbate 20, and

: b ' o IS, 0. 005%
B A B A YA Rt b it on
Hisiidmettbstidioghcl. i zati on; and wherein said stabilizer
conposition has a pH value of 6.2 prior to
| yophilization. 15. A lyophilized fornulation
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represents said ni covhergimsfi@eulcastaomg nipdingimolgeule is covalently
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of R .
bact eri ophage Qb, an ereln sYérlu%'h?? rﬂ%}wﬁée ]é’%qauleuﬁlf:lrelgi gauence,

covalently bound to Wwheredi p&igi tligin®f Bqudhcdi CONLBE of A-
nmol ecule; and (ii) a stabilizer conposition consisting )
of : (c) one non-r eduEfngCa(SHeLREr B dand wikereinn As gppresents  said

non-r educi ng di sacchar.j ' h ' RN
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| yophi I'i zation; (d) gne non-ionic surfactant, wherein
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wherei n the concentr&g&gﬁogﬁeﬁgie}gﬁg{mte 20 is 0.005%

(Wv) interns of the concentrationin the fornmulation

prior to |ipphkidbilzat canpos(téyn neriitigt eri ng agent,

wherein said bugcg er! Qr?e r?o%?r%tduclziﬁg 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.

15. A lyophilized formulation comprising:
(1) at least one nicotine-virus-like 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 covalently
bound to said virus-like particle by a linking sequence,

wherein said linking sequence consists of A-



Hi stidine/ H stidineHO , and wherein the concentration
of said Hi stidine/H stidineHO is 20 and wherein
wa@ a00d/1st9abi | i zer conposition has a pH val ue of PGI/RP2007/054604
prior to |yophilization. 183 The |yophilized
formul ati on of any one of the precedi ng cl ai s,
wherein sai d | yophi | (EedctRemY)abieN ahd h iepatrelsle%s said

tenperature for at |east 15 weéks, preferably for a
| east 25 weeks. nicotine molecule and wherein B represents sa1d virus-

16.

like particle of RNA bacteriophage Q, and wherein said
linking sequence is covalently bound to the 3° position of
said nicotine molecule; and

(ii) a stabilizer composition consisting of:

(©) 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;

(e) one buffering agent, wherein said buffering agent is
Histidine/HistidinecHCl, and wherein the concentration of said
Histidine/HistidineHCl is 20mM;
and wherein said stabilizer composition has a pH value of 6.2 prior to

lyophilization.

The lyophilized formulation of any one of the preceding claims, wherein said

lyophilized formulation is stable at room temperature for at least 15 weeks, preferably

for at least 25 weeks.



