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The liquid viral formulations described herein include a virus (e.g., a purified virus) and a
non-viral composition including excipients and a liquid carrier. In some examples, the viral
20 formulations include a purified virus and a non-viral composition comprising mannitol, sorbitol
in a concentration of less than 3% based on the weight of the non-viral composition, histidine,
Mg**, and a liquid carrier. In these examples, the non-viral composition, excluding the liquid
carrier, can be substantially free of monovalent cationic salts. In some examples, the combined
concentration of mannitol and sorbitol can be less than 10% by weight based on the weight of the
25 non-viral composition.
In some examples, the viral formulations comprise a purified virus and a non-viral
composition comprising mannitol, sorbitol, histidine, Mg®", and a liquid carrier. In these
examples, the concentration of sugars in the non-viral composition can be less than 7.5% by

weight based on the weight of the non-viral composition. In some examples, the combined
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providing the virus and combining the virus with a non-viral composition including the
excipients as described herein and a liquid carrier. The methods optionally further comprise
adding a non-ionic surfactant to the composition. In some examples, the methods further
comprise diluting the viral formulation for infusion. Viral formulations prepared according to
30 these methods are also described herein.
Further described herein are methods of preserving or stabilizing a virus. The methods

include preparing a viral formulation as described herein and storing the viral formulation. In
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viral titer of 3 X 10" TCIDs¢o/mL. For Formulation 1 phosphate buffered saline-eluted reovirus
was diluted in 30mg/mL mannitol, 20 mg/mL histidine, 0.01% v/v polysorbate 80, 20 mg/mL
sorbitol, and 2mM MgCl,, to a viral titer of 3 X 10'® TCIDs¢/mL. For Formulation 2, phosphate
30 buffered saline-eluted reovirus was diluted in 40mg/mL sucrose, 0.05% v/v polysorbate 80, and

2mM MgCl,, to a viral titer of 3 X 10 TCIDso/mL.
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Fig. 5 is a bar graph showing the evolution of the normalized total viral titers measured
by HPLC, expressed as viral particles per milliliter, for liquid reovirus Formulation 2 prior to
25 storage (t=0) at ambient temperature and after 2 weeks (time = 2wks), 1 month (time = 1m), 2
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type 1 Tpdegridac fqifé’vwdeaﬁalyl 3% echrenagmg%t ﬁ%l‘ilﬁmjié?ré%%a“ ppindece, g
strain RRarAdirREe ergdckal n Abney) non- human manmal i an reovi ruses, or avian
reovirus. In sone exanples, the reconbi nant reoviruses can result from

r eassor t mentTheffogariaims opgomilysnélndm tasires. Apnedders.ircalitug refiesttd aoy

r ruses e | east one nt al S i s.geneticall neer ed,
ooy SRER shh R raoR Rt edhr R fk Serdly SrahSindend nisemmte R
tr eat eRphirliscs BRINiARLS Rith @%ﬁbl@@haﬂéﬂaﬂ%ﬁ&nm@mmﬁ dehsraé f Th@&m”oﬁ§ﬁie§s&é a
reconbi nati on event. The reconbi nant reovi rus can under

r econbiffat0 m in digmetsx an%p@sessﬁvvp hieosplrasisa necaiceyitrie ﬁ@ﬁct:%hellﬁuifgfg%@mmei ncl udi ng

but ”0tco£A1§% Bf&'%lb‘?e i am{awmf fdlt%&%t s}:egl!ngfltg {% %

mut agens, aviole ornB of
r adi at Ik(ilﬂbase pairs (kbp). The individual RNA segments vary in size. Three dlstlnct but related types

30 of reovirus have been recovered from many species. All three types share a common
complement-fixing antigen. The human reovirus consists of three serotypes: type 1 (strain Lang

or T1L), type 2 (strain Jones, T2J), and type 3 (strain Dearing or strain Abney, T3D or T3A).
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WO 2012/ 075379PCT/ US2011/ 063040 O her exanples of suitable

reconbi nant reoviruses include those that conprise deletions or

dupl i cat iwO=0i207637@ Oor nore genone segnents, that conpriPseE/tsddilnsvaal
genetic information as a result of reconbination with a host cell genone,
or that conprise synthetic genes. The reovirus can al so be nodified by

| ncor por ati ofy lfbiabBe @RAbo bRl EhbE:a rttifbifith HQNiSXAMULE el be natulbflf O t he
virion outer capsi he proteins can be nutated by replacenent, 1nsertion,
or del ectwnng Repbraoenetly ocootingedhe tﬁ@wmssrdemrbedfas dathfaély@uturang mdieacti ds in

| ace of the e am no ac ert cI de t he rtion of

Pat 1 o b S e PRCe 3 b TEhaoJiSr et ek B Rgh St Bs.
Del et i ofsordtfs). Ude clahsit] BScRiru® B B froM e dRcAGled ffoRsh A8 Whothbe
protein. Such nutations can be generated by nethods known in the art. For

exanpl @eemmfgmmmﬂedten rdevigis). e Thowpyises may @égeﬂe@i:ctordflutag@lg@irfer emi@@@ﬁdqg
For o Sl (5%, SRR S o FRHP RSt ocbiic MR GRIRE B Fepofor HEESh o
mut ant coa r%’t el n. n on P f]he feovirus |s EJA 6’7‘-01.

The vi nuseBatéAppsication Rd’mﬁceimfnrmémomez%@%mb@@bmsm can be purified
viruses. As used herein, purified viruses refer to viruses that have been

separat ed f riomredins gy Thegnedifiedh but spHétapqt%af laflaqlwn&@tém srypH@meell

T ]

(20 fing YRS bENGRTSHRELBGIrR by bEChMIER blp AR Al pRaRhafidk,
9%04 orbyatcatreas wihLProteysad chhmiogmnptrjzpﬁed tiyppwirt) Ipeiop tooddeninstratixeh mtthe r
can be TR PRTGHCC o PTEEHBIE e BN Eh B AR IR U CeNd BEHE M HOLATS
Pat ent hiGRL RO nﬁw?ﬂvlitg R HRNiNRS The %%{rgéﬁﬁg gd ’coz?tQ@ fi{ DRORBAR or micelle
2005/ 009 692; 202006/ 0088869; and 2007/ 0269856, which are i ncorporated

her ei n (BhandedrearsnSbeitn/duved/rof Einbloget 12€k).46FetS @298 Eor ¢txaempld, thesvioam niag

separ ate art.icl usin t ni ques of densit r ent
podoale s ASHRETI AR S AN S e R e A e R LR
chs omatsgah@Rhy to SndRtEX AWM SiBRioul kesaaogsrapyISVgh performance |iquid
chromat ogr aphy, or conbinati ons of these. As discussed above, the I|qU| d

viral fornulTheirendrus sen bele resombinapt @rallea&sommgmwum r%&m@ﬁrqr@thsfg exci pi ents
and a lr'ec%"rjn ma&l%wrlegsrsortr% to? gnorxlc s?%rae | V\% ?%ﬁorg eittl%algy dl%tlﬁctt

three, 0Or nore exci Sreoisé he noN-v i |on.

Exci pi ess\srukey. memrbthahh@/réa@mmhernabffe@m@ssgdnbﬁm sdgﬁieﬂ@&na}bd)ﬁcuﬁfnalalﬁﬁb
limted to, sugars, am no acids, divalent cations, and surfactants. These
exci pi dpteviag ﬁnfé@}mnrqf@dt%t Quganipig veifhngilpast W%gen@wéalm igfinct Tﬁ’%ilr‘llﬁeé[w d
cagrrie Apl, iral
cgersrpos&ﬁ\icélﬁgﬁ%ﬁﬁwﬁﬁus I g“?g’toh%r%%fl%?e {}lcélgﬁﬁ 5?#@: atalﬁg)nsf bg% F %f\r/ t he

| ong- t gremMistioc hge cells witht geesicgléy distincs tavageesf drccondiaighe t]:mn’cdsmbmantgeeahfsr )

wi t hout. | oss qf vi r i nf ctivi . 0 5379PCT/ US 011/ 063040
Sui t ablfer %ﬁﬁg%qge fPHP e.%@ls Sc‘trPP@d%W%Warﬁs‘ﬁbé&ﬁag?%ﬁmera@ EFRPRLS BB

i ncl udgyonh Rlo 6XABRY &neﬂ%ﬂ?%%ﬁ@ﬁebﬁﬁ%e@%l@dlﬁgﬁm IiH8Rd td, huBRAR.SXRTP! es,
the non-viral conpositions include mannitol, sorbitol, sucrose, or

conbi n atwloatﬁstypé 1{bes sralﬁ hang)etypeia(ergl @EalofJ ow),taat} It:qoesij@ag Stnamchmimgl a@ct ose,

dextros uct | ucose, and tional t he non-v
Sabmpost HGHE haR b1 S BiTH P TGS aF &V b OSL AR 1 raari he
t r ehal es@mbPhdds t@Miruddslcin tdsaR ffRaRSsdoRaient HEydnehe\LbEménts BFROKOtdr@forer Vi r al
fornmul ation can include |less than 0.1% |ess than
genetically distinct reoviruses wherein at least one parental virus is genetically engineered,
comprises one or more chemically synthesized genomic segments, has been treated with
chemical or physical mutagens, or is itself the result of a recombination event. The recombinant
30 reovirus can undergo recombination, for example, in the presence of chemical mutagens,

including but not limited to dimethyl sulfate and ethidium bromide, or physical mutagens,

including but not limited to ultraviolet light and other forms of radiation.
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0.01% less than 0.001% I|ess than 0.0001% or 0% of trehal ose based on the
wei ght of the formulation. In sonme exanples, the non-viral conposition
and/ or viwel2of2r7marbati on are substantially free of sugaPsTaiShen/osivan
sucrose (i.e., the non-viral conmposition and/or viral 10forrulation is
substantially free of non-sucrose polyols). The sugars for use in the
non- viral CQERGSLLIANS of b RAlUARHARR SUGRIcOhcRC HERE Bl bt detiioRl

nore sugars. For exanple, the non-viral conposition can iInclude sucrose as
t he sugadupliesent injane toh erck®geneinet sScgments, thatrcompeise dédifomd gbnatatinformation as
manni tol and sorbit.ol.as the su s present in the formul.ation. The total
ConcentraIIcH FEionGiBHiepey bt BSURR! Erirmio ongit rpaiee TaPEUTEHE: TR can be
10% by r¥&iigRkaPbls 88 SodaRAbyARCIPEranBh SNtutcdtddat fofkin sith & 96RIaMplas, For
exanpl e, the total concentration of sugars can be |less than 7.5% bé: wei ght
based drfotthevivienghter edpsichel ieanotginsghn bo mpisaied boreplascgent, insersionpardeletians by
wei ght ,, | ess than 7,3% b ight...bess than 7,2% Laght.. less than 7. 1%
by el e T IR oy Mo gh et T e RC o e 7 ey 88l RRs o by
wei ght ,Indeet$chstifididcdie semdnPitdditiess abdianaddedsiduaeinghihe pr&sin 4t bano2oky

wei ght, or. 20l ess than 1% b% wei ght based on the weight of the non-viral
conposileGabays. IRJetinsdnginde dadetions 8Eoreer BereEse A¢id irgpiduss imiba poteigy Such

conpos 29&%%%&%@?3 g&&g%%a %%oéiﬁ?ﬂ%&& irf hQTHO ﬁéﬁy %a&g@%’oéi}cg%@ééoo Pk Qité- 5% or

from?2 ased on t oF Ul at i on.
Opt i onalideyted managehedis a@fitle gendxnicoding & dne off el aodeprotainst dae resoit-in ithreal
conposition.in cqmbi ned concentration of less than 7.5% (e.q.., /% based
on t he SRBFgH" %ffath? a@lﬁﬁgﬁlwl}téloatd%ﬂtﬁg’s ?IPiOBﬁ ?m§8$ln§’5‘f’ LCAVEUS SRRt o can be

i ncl udedgpdp@oconcentration ranging from0.01%to 7.4% (e.g., fromO0.1%to
7% froml1l%to 6% from2%to 5% or from3%to 4% and sorbitol can be
i ncl uded i n Thecomssrfor aseiio tha fanygillagoks deserihed Iedim cah BpUrdied. virubesomsustdo t o

7% from1%ta.6%.from2%to 5%, or, from3%to 4%, sych that th opbi ned
ConcentP ol GRd birts<S Bar o usrubg ek RS woimied o Re s RBIpghATS ol he
NeR- Vi maturflBNRESMbadNtheROATHRAIIAGHHScCAR codstRr&BpurTrdudes they drbat req- vi r al
conposi tions described herein. Suitable am no acids include, for exanple,

hi st i di79&; (ceg- gt idane]S % yatilenst 8Qbetabilegni 980, ajlaasIn e addadt 953, ariak loastd9Yofby

t hese. e or r 1.NQ i esent in.the ngn-viral c ition
o B Sty e gl oAl B s e R B A R AT B s SRR o on

t he weiagdticia®dd. TR vikesvdahdk paafipdSbi ¢xampld;atcadiagpd the rhdiBodsaRe&itcad Uos of
am no acids can be 4.5%or less, 4.0%or less, 3.5%o0r less, 3.0%or |ess,
2. 5% orPafcgbApplication Sublicagion Nps52005/016864: 200441087693:2805/809569806 or | ess
based o0 o ; Y e ' X '

oo paBob B SLola RorldBoRAN Il iflr SRIRBRLA Alfoin S URASIRE E L URLERE )
di val erfor eatmydp, theoviruseni e seperated ficovi othbr eotigd esudingthe itevbhigdesof dvasigpgnesi um

cation (i,e., "), can be introduced to the non-viral conposition in
conbi n%@%ﬁﬁ&fﬁﬁ%&%ﬂa&%ﬁafﬂ%@% diafilradippniog Sxgyese chiepiasna iyt ¢ frghusion
non- Vi IefiforCRASRARHYL h RAGHRAANCKIGAld Pt alabR) RLEmBIHRARSAYARILY free of

Zn2'. The dival erit cation can be present I'n ?ﬂe non-viral conposition in a
10concent r atAsohisquasediabgvd, itlonhiQuid viratNbtroulstiorlindtode @rempird, coMpsitioan be

present in the viral formylatjon.as Cl2.in concentratjon rangi from
b8 e BESE DN S| Y S0 OO oA Gt Baship engPiend ey e Piesred 1y,
the exghgt %ﬂ@igiéﬁ@? gitind10dddne tRomonvikalcompbstibat EQiipice gt Rgthhenlvigui d
carrier, can be substantially free of nonoval ent cationic salts, such as,
for exafpipesitigndiclnde( bard nat hinited(te. supars sniag gridp divadent sadonsnsrshivbfarianisd’ )
cont ai niag SAVL s daft il REl R SRR &Lgrv'n‘féﬁ o I uticﬁ" a0 HISBAL example
conposi t1ons esct rbed herei i cantincl ude: ' or exéhp g sUrPactant '’k

sur f acttinliseloffiigsss ek dpiants i geanas ibvomgositiohs aadttiuldad theniquad iydfephildtiohs

nmoi ety and a hydrophobic noiety. As used herein, surfactants include, for
exanpl @,ﬂow&f@rté%lfﬂngrte% POLABE O ¥ijnyes 63 &nsterags for fwelvie nqnils eigmeagst yithout
conposh&&qﬂghgﬁﬁﬁ%hpl' herein include ionic and nonionic surfactants. In
sone exanpl es, polysorbate 80 is optionally included as the non-ionic 20
surfactant in the non-viral conpositions. One or nore surfactants can be
present in the non-viral conpositions, optionally in an anmount of |ess than
1% by wei ght based on the weight of thé&-non-viral conposition. For exanple,
the surfactant(s) can be present in the non-viral conposition in an anmount
of less than 0.5% by weight, |less than 0.1% by wei ght, or less than 0.05%
by weight (e.g., 0.01% by wei ght).



250ptionally, the non-viral conpositions and/or viral fornulations are
substantially free of carboxyl ates. Exanpl es of carboxyl ates i ncl ude

succi nat ewarzdi120i7537at e. Further included in the nomrcTiusadl1®edopOsi ti ons
described hereinis a liquid carrier. Suitable liquid carriers can be
aqueous or non-aqueous carriers. Exanples of suitable non-aqueous carriers
i ncl ude propykehe sa@f&farus@ﬁﬂaﬂeh&ylvﬁmecoeg%g%ns 80griBid Forcih Al R those of
30 petrol eum animal, vegetable or synthetic origin, suc% as peanut oil,
soybearexaiple, monmaacthaudbs arglaBsacehapides. kol soue e@iamplea,rthe nbre-virak@mposigians ¢

esters.s aS et ate are als S ta no eous car er Agueous
carri eddcl %ol Shiafs Br SobioBitsts 2 afreéehﬁv‘%ﬁﬁuga%%l%o Hibkome Ve
2012/ O%Eg%QRfé"E{dUmasy Q63040 RIS MSosc, Wnd $HbHRSN SOPMshally NGk HEARFasal | ne

and buffered nedia. Water or an aqueous carrier is preferred when the

phar rra@@tmpﬁ:labnsc@ﬁtmyﬂf@l oamplatigaaraisshseangially free af/eﬁmlpsspy Sulsdtritiady $iskut i ons
RO P RS AT b aDRL KR B 2 AL RQe RS BRI G e Biph v ¢
carriers,; par arIy o I'nj ectabl’e SOt PO 0Si ti 1h
desired, 01%,%@&5@1 @.001°8) lessvbﬁiut 0.000 0%, &% sffryhme?oagﬂrﬁxﬁthe lmtghlt ﬁﬁﬂhbs
glidants, enollients, hunectants t hi ckeners, flavorin gents

pr eser VAMUaion. Jp spme Syemples thepwbwlép@peaﬁomnd/%‘flmkgamt%at@em ol the pH
of the f s one
oxanp) Saoutalref SFBABH B0, A oRE ¢ e Kbf Bla! R ioh ol e

f 00 mul afbmﬂathetlmeb‘staﬁmanﬁﬁae5fnd¥e$uoeosam5plye1s)the buffer can be included to
mai ntai n the, pH of he Vll’%@ formul ati on._petween 6.8 and 8.0 or between 7.0
and 7.8 (e. the Seedy | 0rEB§%1iPp‘i gopvirg ROsi108S BRIt hide PRGHHEdEOhed RN
buf f er 3,r$w6Br ﬁ‘l%l‘ Jﬁ%%@h of R 19 rtﬁé’n@@bfrﬂ%oﬁn%@@mn BarPinclufle WerQsclasMh@far
preferably 0.05 M phosphate fer, acetate buffers, benzoate buffers,

ci t r at erépafitfiertiss formulatioe obwfnfleclsde arad)rehmetlchmcbﬁreamltoamﬂ soabitcd aathe slugaitfser S.
Bufferedc rrler sol ut s _sol ution, dextrose

ol ut GrEscao i @amuiRat TN RS Elsg & SRR SR i e S0 um
chbori @empbﬁﬁb@&eﬁﬁbﬁ Y8 weigl @r fdsXBhe@ioh $he we%medmué AHEvBAINSRHposiaeh Y FoNY|
pyrrolidone, or 15l ecithin can be used. Mpnoet hanol am ne, diethanol am ne,

t r onet lanmple, tharﬁ@tabmwm@t@@ ofisugerscand less élaﬁnka%éedNeghtshmdacm depsightr s.

Li posom%%he% Paﬁ]%%ggslil ClefsS[{lg fg%aﬁs \]:vlmxﬁp le%s lth WA) 1btﬁ lLé?setgaI?
carriers Vet “éx SUitabl e’ carrreérs are described Fi

" Rem ngt29m'bs v%@ftmemutm ¢a% Beivene icss l&)ﬁn@% B\!I v&l’&g’h& i18ss tﬁi}%%%mﬂlgﬁtl R8s
shoul d suit the node of adm nistration npl ary conbi nation of the

virus 4k Hekyvrsight leerihes s bnweishie le@éﬂhﬁe by meehf éesaﬁ@n;%% Py i er)
tg,forma tle'{}glag bgl%egé'”t %Fée(arbn c}ﬂcar %‘fﬂ?of"th%ﬁBh-fvlirgg oxttion )& Qllngles 9&3?65%O|

hi sti di ne I quli er e sor can be pre
concentcaabe pn:selft ih denohharal 38mpesitach inra dohecntvatigin tangfngtfhﬁn 0di%o v 5%l frorn
conposi t

bit b t f
eo 't Hant Sy or 8 Pn o3 lad Peds ridh Ghhgn eewidhiahts IBWIGEE ¢ han
2. 5% @tﬁ)ﬁﬁl}; ri'f’i’eﬂm?col‘la{?d sb?cﬁt%l EME 1%01%%(% 1necﬁ§ n&ﬁ@ﬁal%o%nﬁbsﬂﬂ%ﬁ?n h B@rﬂbl%e&%

| ess than 2%  less than 1.9% less than 1.8% less than 1.7% | ess than
1 6% lceeentrhtaon df IS%thdne% 5% (e, 0o B4sed e thetwaghtlof 396 ndregisal chimpositi@y, Foress

n 1.1% | es n 1% sone e | es o pncentration of

i antined epRRY bRt e o heR AR Eeeite Fod MR R 3P GRE B, v o
cormosmt 19910 750 FroBXBYIRG 6%, Fldth TRAE 8%, bafibAB ko AT B sxlrbfearbaﬁee 3%6hadd if he
concentration of hi stidine can be 2% 30t 0 provi de a conbi ned concentration

of 5% ameacdnyieron gngte feam 04)1&oto httolde. Aromd - Vol ositem d &t %, SemR %aty

pol ysor S sal WO
D015 07ea 6 13 T oRBy M e el oot o Bl By e sl {7
non- vi rabedcsnto sicidho bf tiaionsvinal c@hpdsafomul ati on can be substantially free of
nonoval ent catjonic salts, Zn2', and/or trehal ose.
30 Amino acids can also be included in the non-viral compositions described herein.
Suitable amino acids include, for example, histidine, arginine, lysine, methionine, glutamic acid,

or mixtures of these. One or more amino acids can be present in the non-viral composition in a
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Anot her suitable viral formulation includes a purified virus, sucrose in a
concentration of |ess than 5% based on the wei ght of the non-viral

conposi t iw0,20M23379a non-ioni ¢ surfactant, and 5a |i qui GCTAISRA1/063040
Optionally, sucrose is present in a concentration of 4.5%or |ess, 4% or

| ess, 3.5%or less, 3%or less, 2.5%or less, or 2%or |ess based on the
vel gt Bhodnigy81Per oloRlest BRABH thORiaRHEMACRERY fal difbolBn Y EEALARIPAR! L1 on
and/or viral fornulation can be substantially free of nonoval ent cationic
sal ts, coorensutonstamiob poilds canbe 4¢aYboxgdsat.6% ¢rdesy, 3.5%uadissad.6%amdessi 2644 e) .

For mul 4 RO 0105 Kokt hoae 1510 OB 001 B o s besedan ghe &2ttt -

virus) dafcsiRpiitynng the virus with a non-viral conposition including the
excipients in a liquid carrier. In sone exanples, a suitable anount of
vifus is prdUuveledt aagopy@palse by in¢lpddd ihshemorayicd sompositions descriteddicryn.f Aom 1

x 105 tsﬁita 1& fii]\'lgljélzlt c\:/altiroﬁ !forp RE tlI!1 le%soanei{a% g&hﬁ%@'ﬁ%&n%clﬁé( %/tﬁé‘gﬁa%é?ls?iuenrl g golnv(;ie.le..y '
the non-vira compositron contal ni ng e excrprents In I qul carrrer

can be MgdrdMid can bulitttidacaf toakd hén-vindleohdsitibh h sonitbiBatiohswits @dakien i o, a
culture of cells refers to a population of cultured cells as found in their
cul t ur saléawel o5 Ygsly Onjionalipdhepon-girglpoawesgoppedoyyiFal orndationare ul t ur e

medi um b%%é{{tﬁgﬁrf&%?z 2 90l Uil 00 QLticiU3RSR $rQBndh ﬂ?eeﬁdn%imfc%é%ﬁé{ﬂ fo, virus
can be diluted with fhe non-vira conposition contalning the excipients in
albi quicdnemtmaiier rangingrfaau 6 ® 1 i thisquMd Rar cahmplor Migf ‘atai da pra3Gkdalittic vareal | y

d i hed el hod f. ' iral f | ati ith |
evel s Imygien SOTEg bdh o Gorenl RenE ROy SBMLP g BR-ALS Tl i R s,
The vi iy 8rAM @l ONSIVDY gﬁﬁfoﬁﬂlﬁ%&mm%@ fs%ﬂ?iﬁ%er%nh&lﬁﬁ QRIS

sui table for administrati by parenteral infusion or injection. In some
exanpl es¢luting thehqlid coficpant be sitatapsalinfrehel mendhatint eatendetalis,sudeds, i3 ng

the |ight opscuration: ticle.count .test.and/or the m.croscopi.c. particle
count | LaupBRoadiin hSEise® b8 07 BB R TR Y Fhroop ot i FEpatRERAY | s
entirety. Opt kel bcipibhtEorideah tHeHomNiadl OMBo GRS deS@ibe8 Wefeird Ean8lufdFor
particles having a particle size of 10 mcrons or greater per container.

For exanpmple, ¢ hafagtang| Afsorfpeiraitrpisrsto aanbsianmgshasimef meembinegians geiyophilic
particles,. f n tLh 00 panticl fe han 0Q particl f ewer
Phan 21506 388 Fina R Blotie madte PR S Giselb Rl B8 nsluliefoRRibGo B! o
fewer tJuaabl8 Q0rfpAdrts fr @S inftBwROn-VitalrcorPdsipiand d@tabed He@yif indliRnoMd@nd non-

particles, 30fewer than 500 particles, fewer than 400 Earticles,‘femer t han
300 pariiiepwdactangdp spmssxampleppofyserbats Shis opgrallytingndedon thapen-onks of 10

mz& rong, At eRt rnoﬂgg%‘f g(g%l?t:)sgtf 1S, @He!o? %r& Xurf&c?a?ltsvéaﬁieble é)fr%]feméﬁol%é WByiral

conpri se rewer than 6 es haV|ng a part e Slz m crons or
gr eat ercompasitivid, apcally mi3 79 BROdutsSZ (ki (G I04 By freight badedwarthd Wwaighb®Tthe non-

particles, fewer.th 400 particles, fewer than 300 particles, fewer than
200 partiRbfEapostiae Fof EW@%L%‘F%CH%@, canRRACSERGR ¢ H%Ylﬁfﬁ&%@,o“&?n fewer

than 1QnAfidunEd@Bsshar? 500 5/ QB3 L1csTHRRYRBY QR 188 Hhan Tl Adighivi r el

o
I ) S s
formul ati ons descri bed herein Can be used to preserve and stabilize

5vi rus (E.gr, 00 1peby wdighf). ti me, includi ng extended storage periods. For
€58 mple, t h%p\{liolil'éjﬁ ,Qlliee Eo%r-\gigal compositions and/or viral formulations are substantially free of
carboxylates. Examples of carboxylates include succinate and citrate.
Further included in the non-viral compositions described herein is a liquid carrier.
Suitable liquid carriers can be aqueous or non-aqueous carriers. Examples of suitable non-
aqueous carriers include propylene glycol, polyethylene glycol, and oils, including those of
30 petroleum, animal, vegetable or synthetic origin, such as peanut oil, soybean oil, mineral oil,

sesame oil, olive oil, and the like. Organic esters such as ethyl oleate are also suitable non-

aqueous carriers. Aqueous carriers include water, ethanol, glycerol, alcoholic/aqueous solutions,

9.



according to the formul ati ons descri bed herein can be stored for up to
twel ve nonths (e.g., one day, one week, one nonth, three nonths, six

nont hs, rwoeoran1s3re, or twel ve nonths) w thout | o0sing viPCRIUSROMA6I0HVI LY.
The liquid viral fornul ati ons described herein are stable at about anbient
t enperature and may exhi bit increased stability at tenperatures |ower than
about LA RND: LEFRRIALURGuJAS HERDABSLRY AL CHlatd FRELAIBLECARESLS O
a tenperature out 10°C and about 30 C. Viruses can be stored in
t he vi mad¢fefred whblatheqxhsrrmcemtmabewrapmtw iandmmistiretl ovraamidiusht Sabinpeolationse

i t hout nifiga ct t the |i d ral
o mul a0 oy 8%osp 85T o Carnbaslignsictnti1so B RO Rv & B Byt sehier piviiay
the |i gy 1%]6‘6’[&1%1%' soi&foﬂyl @hd @cngp@[tﬁmsmfeﬁ@eda&aﬂ A5V iH RSt or2nfal@Rtnd over
(e.qg., | ower, C and 15lower, 6 C and lower, 5 Cand |ower, 4 C

andl | 0W€¢nt5 Juimicants, gl@m@ts crpolticatschurosesants, Ariekencis, ﬁm\d)rm@wem)ts m@ﬂer\@%aml e,
t he stora u e can.ran Furth t he
e o BPCIeREP SR LitG SAnl %) [P BroltodiPofmt oflyirtoldosigh ulifr L0

for exanpl the viDfdemaratibh OM sdbik &ah@lesgﬂhe (Bufﬂéhish@clﬁmddrtb :mmm@ tM¢ pHlof the
|nfect|V|té The viral formulations are stable, for exanple, a
t enper atigh wraplagpp betwesh P apd SSotkomsaaaplgy e bbfferapaaé»ellwu tp m?éntelél the pHat

| east forb{ﬁla'ftfa %é%%l $and $ O%r K%t(v%én f7‘6r '798t i{l‘)' %X%E‘gal?és%fat a

t enper at ure 0 | ower tor at |east ree at | east
f our rmmitzﬁﬁe bafiferk ﬁaﬁldefphxz@ha’&rﬁdf&:rs sich lag pdsphate bnﬁartehs;ﬂu&t(PBS?g&tg s@0B0.1

nont hs, | east. ei ght nt | east nt hs | east ten.nonths,
at | ead\! ae@a ?{%ﬂ@“ﬁiﬂ ?uffww@t%ﬁfqﬁg%%oa eéa&ﬁer% Rttt Nt hs,

at | eagfcfO WSS mARME h[‘)ﬁffel%t al@@Rhrald FlrRRD BRRLOScarAls kB3 anki X {t@bnTONt hs,
25at | east seventeen nonths, at |east eighteen nonths, or any amount  of

time grigagais soltuann,tdq:mesermhttﬂws) 3% human sgiynt éﬁbumpr, angstesi dérdrose.nleatrese and

h t Lth t
Por el n pu o RO R B R BRe e TR0 dit sl alvfolimoh 8B oFiro bR, o
phar WHQ&HﬂﬁrP@aln'Bé R6E EMoAbtBarfohing, rdletﬁarm]ﬁﬁﬁﬁéct%{hétﬁﬁhln)é AACAPEAO kAU | er
can be a solid, sem - 30solid, or Ti iquid material that can act as a

vehi c| @an elsp be ased ayrsuiielel bwifersr Ltméomi:wddlomaqleﬂow wetielbasuchns fixpdiells may
liquid a), 'orb%lusec? snyanaé Opu r. eggrnples Bf] El%ltaglre cag{erss e(l)rfetdeé)crlb i d“ Eﬁel%%fons

capsules suspensi ons, Sions; ions, Syrups aerosols aliquid

medi umPhagidtcticil Sl:lencew by BV . Mdri?ihO THh3 ?&Bﬁfdtﬂdﬁ%ﬁ&ﬂﬂ@ﬁiﬁ&%}mdﬁ &t abl e
solutions. Optionally, the liquid viral fornulations are suitable for
i nf usi @ﬁmlmétfat’@%arrpl e, the non-aggregating liquid viral fornulations having

| evel SAIP&beBﬂJ"I&r&%Uﬁlﬂhl% 015?‘3 HES AL Qﬁ@n&?@ﬁél%oﬁ@@aﬁlﬁl @ﬁglﬁlfl@l?%{(ﬁgfeﬁsqui q

adm ni stration entera u3|on or I njection
viral fandmiqatd cmmabtoeﬁoanednmd: fmrnﬂilamgnhmlmdm aipetifiod sirde swmnbeldsdréitel N can

5be further dj] ute for infusion.. A pharnmaceutj cal
conposit§tigeca aaﬁiéu uqyl ntfﬁaa%fblt% 2R DGPTESERG 1 A OBFEN TR Ptlgﬁs thapn

agents 35/UB£keé%nttl§é \QelgHP&ﬂ%hb&ﬂbﬁr&l%hﬁab@moﬁmﬁom;ﬁﬁ{p% s&iblitpl é’M%tHe'ﬁ?@seﬁQﬁ'&t S,
emul si fyi ng and suspéndi ng agents:; preserving agents such as methyl- and

pr opyl rwdcrem«ytlduemle@wthm 2 Q%éasethan@ %elmsstharahd%‘ ey Srainrigd%agless than 2.5%,
T0%ust ATRAHT b1 alrageh Pl SE D 1 el P82 REr GRS ot ot s
f or Mul akdrONSH 188 than 1.7%, less than 1.6%, less than 1.5%, less than 1.4%, less than 1.3%, less
than 1.2%, less than 1.1%, or less than 1%. In some examples, the combined concentration of
mannitol and sorbitol is less than 10% based on the weight of the non-viral composition. For
example, the concentration of mannitol can be 3% and the concentration of histidine can be 2%
30 to provide a combined concentration of 5%. The formulation can also include a non-ionic

surfactant, such as polysorbate 80, in an amount less than 0.1% by weight of the non-viral
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adm ni stration by enpl oyi ng procedures known in the art. In addition to the

representative fornul ati ons descri bed bel ow, other suitable fornulations

for use iwoaophasitaceuti cal conposition can be found i nPReEMSAgLOMKRI4Nhe

Sci ence and Practice of Pharmacy (21th ed.) ed. David B. Troy, Lippincott

WIIiams & W kins, 2005. 15Liquid fornulations that include the Iiquid

viral agu Lifibh RIS, 601901 PhrifRAIThBhSH I &ﬁg%rsmfoﬁranaﬂar G4 BFnAGAGT Ghnlve

i ncl ude aqueous sol utions, suitably flavor syrups, aqueous or oll

suspensiovistiabipdret Ioﬁmnevhlemsvhmmmsalw Zlhl pdidhirérebilbse. such as cor n oi |,

cottonseed oj | Ses@{ﬁ oi | onut pe nut oil, as wel irs
§ i

and si mi | ar ARSHSBGANG B5! oI @gnt bl TR G Qv S t%aafochn P@?ﬁm ly
enpl oy aeksitkhnt 9% LARURAAR: Rbighhsf 1AE asfHraéchsiRBeneMEdi AabHAGSC &ﬁ@&ﬁe ragl
delivery devices (e.g., patches). Such transdermal delivery can be used to
prdvi de lewid ¢a1m@ruQMwnaﬂmsgemsm@mﬂssemnﬁ@@@eﬁn@ﬁtlmhef 4bYuny lessctudedessn t he
I|qU|d Vil al for Ia 1.0 escr ed her ej € .,.5ons ction.and use of
transderér(r)@llorleS%h ag #e Iat%he dety ve Orlessk?g?e%ontﬂ a% Oﬂflenon'véra\{)vell known
in the oaﬁiposﬁ@@ Flirtier@sastieehondifl cdffﬁp@liﬁon%d/di VﬂanOZﬁalatl&quih patches can
be constructed for continuous, pulsatile, or on-demand delivery of 25the

vi r usegubstantially figcofmoppwenisationse ﬁﬁé@snorrﬁ@mSP@elyels\ﬂnﬁiazlarhoesylﬁtﬂs & -Bon is

adm ni ner so that the virus can ultimtely contact the

t ar get e ({I%Re h&oé:hrg% \npl e, systemically. The route by which the liquid
viieal f or nulelto desciibedalttreiniasd @edddefraaldsg dre lidued Vied ddinadatams Wiht neshodhe

type of t target cells. A w d arl ty of administration routes can be
enpl oydef! u%o@mv 1 hesus (Pige a\auf §ﬁn6é0@§mmﬁ the Fpruy WaP o s | y

intr ad% élﬁon Bl a&%gg& %9@ ftsYn a%auﬁscah%rt & Qb @y&trﬂlﬂ@snaQul%?@éﬂl&glt%Fl I's,
SO as to licit an i ne r ponse For oncolytic viruses where the target
i s an acwessprbVided gl prepdrepvyiral ﬁoheullathlmatda tiier mingingrfrarh Atd 0N tedm 19&° viral

the. oo ey BVERSUBRYL Ptk Raitsmat ol SO0V o G aRgRe, the

lijgui d eXbﬂbﬁ:lntsflﬁ ramgh@t da@ferCan bEad@dint Al wiltrfe@d cbIld PCRNIOMSH ¥ir®. As used
i ntravascul arl or tunors that are not easily accessible within the body,

such aderpin, asuiyen! celerclirg ta aipaiulationfod cpiiiugd cells asdpunsbindbiel eiltrered in a
manner C%Hc(f' ?1 L%h(;% tﬁe 8&@ 119% {?Ha 1 pxpnr'li[segd%ﬁ/ cu?tu Cl%e(hlx hfollﬂgerllmtopeeaggl%}/log f the
manmal Pt ego’y F each Btie 't uno : raveno

i nt ramdﬁ@wpaﬁdwﬂ of Al eifsatd WﬂthI‘uE hﬁl ﬂ)d awt@ti wuhaﬁe ﬁcmtmdlabﬂnpmﬁ@n be
adm nistered directly tqo a single. solid tunmor, where it then is carried
syst emceaqanyn& e sugRichtsdn Bé’ayldtciﬁ“ﬁ?tt‘éﬁf%é%theﬂﬂﬁﬂl%‘é@é foreuRHioBncol yti c

rapy, gddlt%ﬂaﬁ}l \ﬂkgcilbe(fi Hérgﬁ AL hﬁﬂlo%‘gf]@l g?rﬂ@e\rl?aq %Iﬂhﬁ&tﬁﬁl q/lth low 16V613

cut aneou I ntraperitone I ntrat I’al n

t op| caldf pal(tlemgte,s, d&.or lomednammn@gregaﬁag Viyal(fermgulatidrer Tae &irabfforrﬁekanhmﬁalbared
cancer), ctally (e.q.,, for, colorectal 1Qcancer |na g., for
cervi caress Ingdg fteag m@ﬂwé%ﬁr)e thysaipbly fonpgimipigipt St bynp%%}t%w oty St osel

For mul gk efbr( 8nYome bRIMPILE I ERVGE DT particulates fPtht SR JdY ard diferhdittid Hingl thé!
fornul ation is adm nistered continuously to a subject at |east once per day
or up tlight dlrsoughioupartinke cdant tost andios Beunicwsceiay partitisrcoantgestiaoebrding to WEP For

2 ni <At UHeh iy Bralel e e R oBbua o5 v A P REPk: rampr

adm ni gteéadan 6,000 PXATRL Bavih®a PaiéR €£dofl 10 BRYNRPAGIRES peGmalihet. #eE£ept abl e
solution (e.g., by intravenous adm ni stration or infusiaon) over &?éerl od of

tinme oreXﬁranrihptVﬂréhiomulaF@ms @ﬂ@éﬁmp@se fm@rﬁ@m@ﬂ%pwlmﬁew thead. 000t er ed

Zéff ;mé)t + asfe%g%@gg%édo%gja{ft?’cl% few Mtl?a'il z‘?(zﬁrb ep;ﬁg'@agso éf)tha%rl 6@d< a&{}tla L& fé&fl?{

r esul t shanohgairtitaed, Yevete hanes0p pamomest fk@vetr SO0 @@rtttﬂsspféw&t ﬂaa H00 fpaititees,
subj ect. \Wen
30 : fewer than 500 particles, fewer than 400 particles, fewer than 300 particles, fewer than 200
particles, or fewer than 100 particles of 10 microns or greater per container. Optionally, the viral

formulations comprise fewer than 600 particles having a particle size of 25 microns or greater

-11-



20 the liquid viral forrmulation is adm nistered by infusion over a period
of tinme, the period of tinme is, for exanple, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
12, or 24wbaor75359 any tine between 1 and 24 hours, i n®CUAIS2E,1/063040M01 €.
Optionally, the period of tinme is 5, 15, 30, 60, 90, 120, 150 or 180

m nut es, or any tinme between 5 and 180 m nutes, inclusive, or nore. Thus,
for exay ?ewérﬁﬁad SGE)%a‘E'né{ésf ?éwér%dﬁlﬂ%:)daﬂibl Sfé%\%'i“tﬂhh%to@r %fhclPéé fe'{kfe%'ﬁiaﬁflof)or
60 m nut Adm ni'stration$ can be repeate 6, 7,
8, 9, b@rtlcleds fedvkr thR8 108 psrtictrs, @mper ﬁlamSQranfcleda«ytsfeiNet theeﬂlO 2alamd:s®82ﬁiays

i nclusive, or Optionally, the viral fornulation includes an
adj uvaﬁ?lcméﬂr%@@%ri’%m@ma&ef ‘an i mune response. Adjuvants include, for
exanmpl e, al ufcMyM @t FornfllARNFHeRbed P&t @H bR LSS tol PreRRMEdk6NBEades,
saponins, and the |ike. Optionally, the fornulation i's suitable for

di $ ut i onrugpra neriodof tithes mckiding: gxémded herdge @atleldw|an|exzfr@1plm}hamr@mrea@ed

di scl osed e.ad t red i n a S suf |ent | e.,
an o  Serrd s DB AT gt e SLBERe bR iviTe Pl oy

i mmune dajdone W¥ok 264kb2hOrth ARERGT1dS, Ok ih & BE) Hbhor 861D DL twEdpé h@ﬁaﬂs} wuh@he
formulation is suitable for dilution before adm nistration. A proliferative
di sor deesingvieal dnfeetsvih drhcdumidhyist! fermubions dessabed herrim aje plaklepbabast at i on t o

prolif d cells,
Peoul t Pag R SR LU SEh ol Rl s g QL KBirBanfes WUE- FLOSEORT Cal <.

a 10 educhibdmt tempdneusi e wEd Aeredn pnaint tearpdfattllre aefEfs&d metmpmanure lotween
elimnation of. s to pai n) associ e proliferatin

di sor déPoUutAd &eﬁ%ﬁ%% ﬁgu%eércml helgraysn tl 083 fL EBOFBIUIF
prolif eahéﬁobl'&gf aﬁl%lbﬁt t@rhﬁerhﬁﬁ?@gltﬁ&tglgmt%an{ RESYf ﬁFéQH{flt)ZOl%soﬁgy&(aﬁ fé, RO% or
75% of the cells are ed). The percentage of |ysis can be deternined, for

exanpl égqubiywrm&@mulat@ns h@ srtcafdm attdbont ambithigcmperetund. b mb@mxammee,rtht hqmlble

nunber of . pro feratln n.a nm the nt of
arer oftel Bl Pulelifh i M iyt SRR andliont CEndHic B e RN o)
Ans ef f agléy 8 canmb Mwa 5 bOQnl idrds v hall IdvirMIt@bh@bwir] 1 D endIRGRY, rﬂnaqdmon
an individual basis and may be based at |east in part, on the partl cul ar
virus wsedpwaer).t her axpepnledtheistarpact tompariatitr een rappefiomdl G HURTC ée.gi 48C).age,
gender ’Fu}tﬂgr 611 u?({ Vﬁrﬂefoﬁnuelgﬁo”% Emge (s}g eic}ia&?e e?a%u gbgﬁmd‘t raEl‘l Y& dl sease
or to elicre "an i t FEand er carac?érlstlcs of

15t he &lﬁﬁlﬁpl&ﬁlﬂOVCMﬂdrﬁ%(}ﬂG ftg-S'()an&/hlléﬁiahﬁalniﬂgalu\al mddctienpcentration in the
liquid viral formulations can be neasured by determ ning the nunber of

pI aque for rri% viifial foém(lbiip})ls IR Sﬁb@qf% cRaERlg gsastgglgera‘;uée a@bgﬁtpqr@blemor
qat gﬁ%{ﬂ fituft ﬂ%&" Bridd bfYide gé.g.hht lgis?ghe?/ é?a[yg QX |y 103 to

2 a V|ru contai ne avira |on re’ use depend|ng on
t he tydesmdatiens asndabie atxetenmprapuro lof ﬁlm*mﬁlc’@g)rdeskzérsfooat lamrﬂrecsmnt}hs ésgnat. The

effective anount can be, .for exa 20fro ut 1.0 PFU k i ght
to abodffastl@wsnwathﬁkﬁ g5ty r%éea@t SIX PlogHs aﬁgﬁﬁst qysn Breofi atﬁead%/ cight § ght
to abo‘fﬁorﬂfﬂ)sl%t Rk RANs, Weicqkon mEQt'hs XA &eveh*?ﬁmﬁﬁsf eClhy evaVPHRLheR! the

viral formulation adm nistered daily can be 1 x 1010 PFU and the viral
f or mul at leest thiatechmoaths atilsiefoedcovmpnthi.ae ldstyfsitdco mei, bt least aixtasnhahonths,

t f 5 x 1 | | th I trat th
| P 0 1oy Bhsemnchin o ane s heRdarl: o) Berar i af RS e Sbit nictye
250u| t wighthg)f ective dose (TC D50), which is the amount of virus required to

produce a cytopathic effect in 50%of cells infected with the virus. In
sore exanpl d@rtheproyigded bergir ane sharmar paGalgeamositiops inghgling the liquitherabf f ect i ve

i seas 0N 18 nE@RTHOTLR orBosi SRk B9 o fTBRAY il Rl Hh i T

ef f ect Iph@mﬁmfﬁwiﬁall?facédpeibl/d dadtierf QY phtrabtaiti cglanadeeptablgicirit eare@b O¥id, cnpier i od
of time, referred to herein as a 30 cycle. A cycle can represent, for
extnpl 8oligms haayi matgpial dhaf an pefrag e V@aw CHHEH 0f ag;%élunf foy éheligrdd visly  days,

seven qﬁﬁllﬁt‘f‘dng hfhu? at%ﬁg Pﬂ_ﬁlld%aflﬁ)\fﬁlulaﬁgn tcgtpbgf’i]]ytﬁe fi 6 oft!dr ele&fn di fferent

anmount evira ation can be adm nistered daily. exanpl e, 3 x
1010 TChpmlesparspdadaijonsamudeons, solutions, syrups, acrosols (in a liquid rnedlurn) and sterile
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-15- WD 2012/ 075379PCT/ US2011/ 063040 adm ni stered over five days to result
in a total amount of 1.5 x 1011 TCI D50per cycle. Optionally, the effective
anount i swako073w201 TCl D50 per day. Optionally, the | iPquits$2eiioedoso
formulation is adm nistered as a one hour intravenous infusion. Optimal
dosages of the liquid viral fo_rrrul ations depend on a variety of factors.
The ?é&%le@gﬁﬂgﬁ& r%wnﬁﬁﬁ tHe i gulﬁ@[rﬁl ifohﬂmaﬁ%)d £E§ 1¥a‘BleSﬁ5phﬁﬁ§1®n dﬁ(ﬁend' ng
on the species, age, I ght”'and general condition 11% t he subj ect,

sever i teyamplet the ndinsggseative Ingpid medtfednulathmlsmavmgdWarlewls m&pantscaﬂlatﬁsnast he
l'iquid fornulation nd it istration. .Thus, .it 1s not

bosst bids e Bt s uiile R wgomes RO o iy NSRS al v or

appr oproyiofa RyTRkNE @ RirBIEo AL SHsHREhPYd RRErdg ©rtEE ARINGJS héslchbédlhéraﬁ caﬁ t
using only routine experinentation given the gui dance provi ded 10herein.
The dodaderthadgeteds srapprwriatnfariigfupiani on of the fornul ations are those
G?;ggsgngﬁgr}%ﬁ)ﬁ raged 1%%1 togqﬁ)gogl 1%%%%&#}8{1;1 ﬁanlmcth\{\c*i]el (\:)vrllthtogtelém%r{zgpotnofr%ng;mﬁghe
dosage agb@sl klﬁ:hﬂi@ttalbemﬁghels@ﬁ%aaﬁtetaﬁd&ﬁﬂ%ﬁl sitviesttiRg Sgahes; eﬁlhﬁﬁyﬁl,g apdch as

unwant ed cr oss reacti ons and anaphyl actic reactions. The dosage can be
adj ust SHSTISPIINE GLAEE; TEFSITARRRAEHHYSER pameihyl-tand DERyHty degxyabgpzoatss; sweetening

cont r iyl €3k Moring apco: DIRERNBLY oAb AE AL RIHELRL I hrGNG: Rlicko” e

ni'strations or one or s
vuo al fsos;tmmhda,tdrdalayahrellrfas@dmlawfrtlernelildeahnaths ihlqgﬂdevlﬂbﬁenmtatuon aftort t i pI e doses
(e.g., two,. three, Si X nore dos . For exanple, where t
admi ni AFBiBERIoN thgin oG P@ﬁegltrﬁ%kﬁq%@.tﬁ#% afv sldtipndp thy f@pgea%&t%ﬂvr?ed dose

or can fenfekhdnb&sinky b@IHlxzt bﬁ%ﬁs&ﬁbl&fﬁ%ﬁ%m%#@&% Qtph%i/ackﬁﬁral from

several days to several nmonths or until dimnution of the disease is
achi evedmposition c@obdionad iroRsmoitanh&h¢ Sgunet andrfahcticoofithaiaons2 Itland. bed.

adm ni i rocone tant e s an adm xture), separately but
si mul ti&ﬁ%’b‘ﬁg ?I Qﬁlﬁpmc\)/ éé)(%l 'ﬁ??‘gggnous lines into the same

subj ect), orLig@dy&lalony tHae 1rﬁludeQH@h@f1d thel hahimttieds foNsral Sdrlin¥@atibh bst
foll owed by the 25second). Thus, the termconbination is used to refer to

ei t her feninstivn aencrallyi ingbdamsass so(bmtl@égﬁyetnbliyélava@d]smu@ﬁ,raavf:@ﬁ osPilt wo or
nore a ent

o 2950w g PR DL 10 RSl Ll e

r adi ot hee@y oil satrpgefvt oilnay welhes ¢lhersapy sumnﬁl/pﬁarmawmmt L Epy - Thus t he
liquid viral formulations nmay be adninistered in conjunction with surgery

or renpoval “g®thar @Iﬁ@lﬁ@@ﬁhﬁgwtﬁ@%ﬁ@p@yeéﬂrb\hﬁmh%roéwetmesg% INEPHBES
f h h
95 t g%glﬁ&gwgmerﬁ&l &11%943' d&;&%&ﬁé 5‘5@563%3?;% rg l@&@éﬁﬁﬁ%ﬂ% ivESTRY 8L uQdd tb e

neopl a mnistration o atron“at or near
t he si tpeowdde tdreinnewydrakscontinOuR Q24 68O PETS SRR ADB3040id viral 1t is

further, cont enpl at ed the lLiquid viral forml at| ns in the_provided
et hoadORRMAaHE gh rlfosf by NS CBR LRSI BBIeACRERCRTE P TSGR £ on € o
known agtii &3¢ Eﬁarﬁﬁ@&f?ﬂé@l%geﬁtrs lmemzhmﬁ Py tabC S ScanflEPEheLaRew i
agents are tompounds which may inhibit the growth of tunors. Such agents,
i ncl udeé,028u52aSacihpatchdsrpan éd cowstruatet iforemplingauscpusptihe, or surclhmasd delivery of

25 the viruses.

In the provided methods, the liquid viral formulation is administered in a manner so that
the virus can ultimately contact the target cells, for example, systemically. The route by which
the liquid viral formulation is administered depends on the location as well as the type of the
target cells. A wide variety of administration routes can be employed. For vaccines, the virus

30 can be administered systemically, intradermally, or subcutancously, so as to target antigen

presenting cells, so as to elicit an immune response. For oncolytic viruses where the target is an

accessible solid tumor, the liquid viral formulation can be administered by injection directly to
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5Aci vi ci n; Acl arubicin; Acodazol e Hydrochl ori de; Acr i ne; Adozel esin;

Al desl eukin; Altretam ne; Anbonycin; Anetantrone Acetate;

Am nogl utwohorevdez7o Ansacri ne; Anastrozol e; Ant hramyci n; PATAB@EJI0NSE;
Asperlin; Azacitidine; Azetepa; Azotonycin; Batimstat; Benzodepa;

Bi cal ut am de; Bi santrene Hydrochl oride; Bisnafide D nesylate; Bizel esin;

Bl eorqu@m%rfo%ﬁpavé{o%g@' RF o ROHhPbicRE Rk meﬁamnﬁestﬁé figfiu RAFTIRAanYGA
Cal ust erone; 10Caracem de; Carbetinmer; Carbopl at | stine; Carubicin
Hydr oclthob¢ démin(aeze hIE@wnmlﬁbfctefihmlsqulm dioa o [that aermult emsylcfl aggessible

C spl ati dri snat ol Mes) hos t ar abi ne;
Dcar bATE MR TS BeinE BN BB R B SGBETSIER Hes manner
Dexor mapbpihhiit cAEBRGMAPOHME s g@@%ﬁ%@ﬂhﬁ%g%&%o@ﬁr%ﬂ@ A&h PR thERELEAYE! ;
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Optionally, the viral formulation includes an adjuvant when used to elicit an immune
response. Adjuvants include, for example, aluminum salts, mineral oil, particulates,
lipopolysaccharides, saponins, and the like. Optionally, the formulation is suitable for dilution
30 prior to administration.
The liquid viral formulations as disclosed herein can be administered in an amount that is

sufficient (i.e., an effective amount) to treat a proliferative disorder or to elicit an immune
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t exaphyflitkg b@d}l weight to about 10" PFU/kg body weight). For example, the effective amount of
the viral formulation administered daily can be 1 x 10" PFU and the viral formulation can be
administered over five days to result in a total treatment amount of 5 x 10'°. Optionally, the viral
concentration in the liquid viral formulation can be measured by determining the 50% tissue
25 culture infective dose (TCIDs), which is the amount of virus required to produce a cytopathic
effect in 50% of cells infected with the virus. In some examples, the ratio between TCIDs, and
PFU is about 3:1. The effective amount of the viral formulation for treating a human with a
proliferative disease can be from about 1 x 10° to about 1 x 10" TCIDs, per day. The effective
amount of the viral formulation can be administered over a period of time, referred to herein as a
30 cycle. A cycle can represent, for example, one day, two days, three days, four days, five days,

six days, seven days, eight days, nine days, or ten days, where an equal or different amount of

the viral formulation can be administered daily. For example, 3 x 10'° TCIDs, per day can be
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Thus, the liquid viral formulations may be administered in conjunction with surgery or removal
30 of the neoplasm. Therefore, provided herewith are methods for the treatment of a solid neoplasm

comprising surgical removal of the neoplasm and administration of the liquid viral formulation at

or near to the site of the neoplasm.

-16-



150l i gonucl eoti des; signal transduction inhibitors; signal transduction
nodul ators; single chain antigen binding protein; sizofiran; sobuzoxane;
sodi um bowocaptEasyy sodi um phenyl acet at e; sol verol ; soneComsdéin/obdondi ng
protein; sonermn; sparfosic acid; spicanycin D; spironustine;

spl enopentin; spongistatin 1; squalam ne; stemcell inhibitor; stemcel

di vi st on i i Rishhicodhpl AL M8 inS L @ARAMPRANLMALAL RS proSHch IR are,
superactive vasoactive I ntestinal peptide 20antagonist; PSura ista, suramin;
swai ns eptioggllysydminetdred gl opoisiEationogiyaansdditian kd knestri mLcamcamnp@mds or

t anoxi f t hi odi ne; .tazar ot ene; 0 m . tegaf ur;
Lol | ur SRR oAby LoGTPRT PR ST bao oIS fBHDTeRom e “9 ¢

t eni posirglgth drelmashisaedesaoxiciric, b tatedAMniRd th %hh@d;ﬁ@sfnb ragentg Biahiadoni de;
thi ocoral i ne; thrombopoietin; thronbopoietin mnetic; asin

t h§/rmpd’i<éY1|C1ml, A@@@&l@n, égvhz@te HytdngahbarrdenaarQming rPedOdelzan Klﬁqﬁlamlﬂng hor nmone;
L o iGN RN i L BBAEAIT Ao L AANRGRASGH G0 ARl LoRRESERD
t opsentin;y torem tehide rans ’on 1'n tors,
treti nmmhrahfybmq ﬁtsydruglhﬁtleﬂﬁspdrﬁn CAZdchidies; AlzbicpBIARXGhRin] tBatrmﬁagtael [ n,
tropisetron, turosteride; tyrosine kinase inhibitors; tyrphostins; UBC

i nhi bi tfi?péodqnﬁel?nwﬁl@s@mld@ Hjuticns Hyripghlogdes; Risenfisieddimssylatsi Bizelssip; f act or;
ur oki “6}3?18? th&4f @h&étﬁer agﬂfﬁ@%%g? a;’gg{gﬁr@rﬁwin%elsué{ﬁfah%éé%%ﬁmgmc EQhus¥.

eryt hrocyte gene t veram ne;’ ver Vertepor

vilmor el(aravemidd; Qe ctintee;, Carbo@xtim ;Caviansinal @arubwmoﬂgdmnblprlzlerﬂmmsm,

zi |l asco zi nostati stl | aner 2012/ 075379PCT/ U 11/ 063040
Further‘feéﬁfélﬁ&ﬂl @hlsfa Hot Kelemysing Fb@p%@nﬂadg neabienat ﬁ%@q 'n the viral

formul aty. flﬂ;ﬁ %ﬁﬁﬁl‘id@b@%a@ﬁflﬁé DdcBOhHAE BUihomPEREDaHRRbiERB N @b dhloride;

potenti At ents, includi'ng tricyclic antidepressant drugs (e.g.,
impr arﬁawabld%@emompietm dhzeguapingt DasgueioeniVwsgliate; Peqziquoinged Imcamxnb

non- £ RyBr i D s E e B D o ERe BB e (Rl DistBibolong
cii al oprpbnat@dBiizemlybiat EARERSRI ERoMIthidk ¢RKrodE[ETide EEBamitANasS Enlplatfad 2

antagoni sts (e.g., verapam/l, ni f edi pi ne, nitrendi %I ne and caroverine);
Cal mod dHniprornapi Htiprepisinee Eglrublpmeﬁplrabfmel,{yctmﬂﬂm@r ﬁ@ﬁ@mlmé%sawblcm

clom p Fﬁar%c%drldb‘ ”Egﬁ)an? tlﬁe nEs%’amTl.rstl eﬁ%%{s‘ﬁ’%aﬁ? Igﬁ(hl E?an a%zgle tth% zz(el f(?1 i

antiarr , quini ensi ve I’ ug

reser pilne) Etopodidd @ﬂmlﬁfsldb@hbgﬂﬁm @th),nnsuledaircafoléﬂﬂp@@pmlbﬁde tHMzﬁJabldem et ers
(e.g., buthionine and 10sul f oxi m ne) pl.e drug resistance reducing
agent s FsareHnigs: @Oé%‘ﬂiﬁ%rFlElarabFﬁ%Phﬁsphtheof%FHJQFO&W%EIIH%@@P%eEOWEW@Pﬁ can

ab§o be;agizL i sifgﬁfn‘?, é’]‘h&ﬂbﬁﬁét @i%fﬁ@ﬁéblﬁélﬁg %%hl?ﬁﬂ@%cﬁﬁyk | 9%0513,8%;;2?1‘&“' ating
factor. used herein termproliterative sofder refers to any
cel | ul ddardbisbﬂdatroi:tﬂomm (tfa)sfahﬁd@élnhcsfognmllntfea“eam%hﬁmﬁa In&pﬁeﬂjnyA]lfzhah nor mal

tissue A oliferat or%e cl ﬁbut s 15not ted to,
neopl dfittey (Rt e-Banist €6 A ol fenbidnte r]]ctétﬁpliog]:f’itlﬂde
but is Iﬂ%te&dnmlﬁﬁ'gcﬂl&udeo@Bﬁﬁe@ﬁ‘&é ﬁic@c@t@cﬁétrozgfeeE@ﬁprﬁ%ﬁ&etat@r BiafbzBRNCET
(e.g., glioblastoma), |ung cancer, prostate cancer, colorectal cancer,

t hyr oi dlylaoahdorjder Enaktrom Sedgunamoewalm&: Mewntrbnwﬁydmalrﬂoed¢, Masoprocol;

25 Maytansine; Mechlorethamine Hydrochloride; Megestrol Acetate; Melengestrol Acetate;
Melphalan; Menogaril; Mercaptopurine; Methotrexate; Methotrexate Sodium; Metoprine;
Meturedepa; Mitindomide; Mitocarcin; Mitocromin; Mitogillin; Mitomalcin; Mitomycin C;
Mitosper; Mitotane; Mitoxantrone; Mitoxantrone Hydrochloride; Mycophenolic Acid;
Nocodazole; Nogalamycin; Ormaplatin; Oxisuran; Paclitaxel; Pegaspargase; Peliomycin;

30 Pentamustine; Peplomycin Sulfate; Perfosfamide; Pipobroman; Piposulfan; Piroxantrone

Hydrochloride; Plicamycin; Plomestane; Porfimer Sodium; Porfiromycin; Prednimustine;

Procarbazine Hydrochloride; Puromycin; Puromycin Hydrochloride; Pyrazofurin; Riboprine;
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Conposiaphidi®lih ghftthate; Wps oS garrmediiytont ¥oplosidegdompr apinisc séigvaraigDPabl e
1. 15Tal')bI|J-%TJB'A; arginine deaminase; aromatase inhibitors; asulacrine; atamestane; atrimustine;

20 axinastatin 1; axinastatin 2; axinastatin 3; azasetron; azatoxin; azatyrosine; baccatin III
derivatives; balanol; batimastat; BCR/ABL antagonists; benzochlorins; benzoylstaurosporine;
beta lactam derivatives; beta-alethine; betaclamycin B; betulinic acid; bFGF inhibitor;
bicalutamide; bisantrene; bisaziridinylspermine; bisnafide; bistratene A; bizelesin; breflate;
bropirimine; budotitane; buthionine sulfoximine; calcipotriol; calphostin C; camptothecin

25 derivatives; canarypox IL-2; capecitabine; carboxamide-amino-triazole; carboxyamidotriazole;
CaRest M3; CARN 700; cartilage derived inhibitor; carzelesin; casein kinase inhibitors (ICOS);
castanospermine; cecropin B; cetrorelix; chlorins; chloroquinoxaline sulfonamide; cicaprost; cis-
porphyrin; cladribine; clomifene analogues; clotrimazole; collismycin A; collismycin B;
combretastatin A4; combretastatin analogue; conagenin; crambescidin 816; crisnatol;

30 cryptophycin 8; cryptophycin A derivatives; curacin A; cyclopentanthraquinones; cycloplatam;
cypemycin; cytarabine ocfosfate; cytolytic factor; cytostatin; dacliximab; decitabine;

dehydrodidemnin B; deslorelin; dexifosfamide; dexrazoxane; dexverapamil; diaziquone;
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Conmposition 1 Conposition 2 Conponent Anount Conponent Amount Sugar (s)
Mannitol Sorbitol 30 ng/nL 20 ng/ nL Sucrose 40 ng/ L Ami no Acid Histidine
20 mg/ L WoAYMxsTPval ent Cation MgCl2 (2mVM) 2 niM MyCl2PCT/US2011/063040

didemnin B; didox; diethylnorspermine; dihydro-5-azacytidine; dihydrotaxol, 9-; dioxamycin;
diphenyl spiromustine; docosanol; dolasetron; doxifluridine; droloxifene; dronabinol,;
duocannycin SA; ebselen; ecomustine; edelfosine; edrecolomab; eflornithine; elemene; emitefur;
epirubicin; epristeride; estramustine analogue; estrogen agonists; estrogen antagonists;

5 ctanidazole; etoposide phosphate; exemestane; fadrozole; fazarabine; fenretinide; filgrastim;
fmasteride; flavopiridol; flezelastine; fluasterone; fludarabine; fluorodaunorunicin
hydrochloride; forfenimex; formestane; fostriecin; fotemustine; gadolinium texaphyrin; gallium
nitrate; galocitabine; ganirelix; gelatinase inhibitors; gemcitabine; glutathione inhibitors;
hepsulfam; heregulin; hexamethylene bisacetamide; hormone therapies; hypericin; ibandronic

10 acid; idarubicin; idoxifene; idramantone; ilmofosine; ilomastat; imidazoacridones; imiquimod;
immunostimulant peptides; insulin-like growth factor-1 receptor inhibitor; interferon agonists;
interferons; interleukins; iobenguane; iododoxorubicin; ipomeanol, 4-; irinotecan; iroplact;
irsogladine; isobengazole; isohomohalicondrin B; itasetron; jasplakinolide; kahalalide F;
lamellarin-N triacetate; lanreotide; leinamycin; lenograstim; lentinan sulfate; leptolstatin;

15 letrozole; leukemia inhibiting factor; leukocyte alpha interferon;
leuprolide+estrogen+progesterone; leuprorelin; levamisole; LHRH analogs; liarozole; linear
polyamine analogue; lipophilic disaccharide peptide; lipophilic platinum compounds;
lissoclinamide 7; lobaplatin; lombricine; lometrexol; lonidamine; losoxantrone; lovastatin;
loxoribine; lurtotecan; lutetium texaphyrin; lysofylline; lytic peptides; maitansine; mannostatin

20 A; marimastat; masoprocol; maspin; matrilysin inhibitors; matrix metalloproteinase inhibitors;
menogaril; merbarone; meterelin, methioninase; metoclopramide; MIF inhibitor; mifepristone;
miltefosine; mirimostim; mismatched double stranded RNA; mitoguazone; mitolactol;
mitomycin analogues; mitonafide; mitotoxin fibroblast growth factor-saporin; mitoxantrone;
mofarotene; molgramostim; monoclonal antibody, human chorionic gonadotrophin;

25 monophosphoryl lipid A +myobacterium cell wall sk; mopidamol; multiple drug resistance genie
inhibitor; multiple tumor suppressor 1-based therapy; mustard anticancer agent; mycaperoxide
B; mycobacterial cell wall extract; myriaporone; N-acetyldinaline; N-substituted benzamides;
nafarelin; nagrestip; naloxone +pentazocine; napavin; naphterpin; nartograstim; nedaplatin;
nemorubicin; neridronic acid; neutral endopeptidase; nilutamide; nisamycin; nitric oxide

30 modulators; nitroxide antioxidant; nitrullyn; O6-benzylguanine; octreotide; okicenone;
oligonucleotides; onapristone; ondansetron; ondansetron; oracin; oral cytokine inducer;

ormaplatin; osaterone; oxaliplatin; oxaunomycin; paclitaxel analogues; paclitaxel derivatives;
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2 mM Surfactant Pol ysorbate 80 0.01% Pol ysorbate 80 0.05% Carri er Phosphate
Buffered Saline (PBS) Phosphate Buffered Saline (PBS) The PBS used

cont ai nedwO.28/arg370 pot assi um chl ori de, 8. 00 ng/ nL sodipamiuskéionside) 0. 24
ng/ nL nonobasi ¢ pot assi um phosphate, and 2.71 ng/ nlL di basi c sodi um
phosphate hept ahydrate. 20 Exanple 2: Liquid Viral Fornulation Preparation

A cont na]auhae¥ ?é{ﬁﬁtfogfrﬁ%ﬁh‘ il RN 454 éﬁﬁéﬁwlﬁt fzﬁf&hlﬁé eﬁﬁ@ﬁ@d by

provi di'ng reovirus i h phosphate buffered sal’ine’ further diluting
the m mamlbptmd; hegudplirgasonpdldBBS; panterat polysalfitasgbumt peradstating pbntpeote cl e

titer 101 tfion 1 was pre 25provi di n
bou! r e RtRT L pr ALy AN Rbrangmy R B Bt s P BA R o s
target ifigbbrs: V}hél@hmp%ﬁlbbﬁbﬁe%&&@"chl@hd@ phratiblln: PSR plack@f AUpREANBZ Was

prepared by providing reovirus in Sand diluting the mxture with
Cofrposipldsgnngecn gcioteri inhiliter p@émummpmplm pbltmp@ropmploendsb plfingf-tgamine22- WO
2012/ 0733 79PCI/ WS2011/.063040. 1010 TCI S0/ i The. di rt ion. ratigs for each

of t he POPH BYTONS *Hel'- BT &Y ASP By ankt Dorest” - %rr?BV '3 Liquid

Viral Eeflmﬂeapto@ﬁgﬁh@lmggeplﬁirdaeom@ﬁﬂaamo@s;@rcnahtA bhedlimbRihg n{otGlOpidkdin f or
the Control Fornulation, Formulation 1,

kinase C inhibitor; protein kinase C inhibitors, microalgal; protein tyrosine phosphatase

inhibitors; purine nucleoside phosphorylase inhibitors; purpurins; pyrazoloacridine;

10 pyridoxylated hemoglobin polyoxyethylene conjugate; raf antagonists; raltitrexed; ramosetron;
ras farnesyl protein transferase inhibitors; ras inhibitors; ras-GAP inhibitor; retelliptine
demethylated; rhenium Re 186 etidronate; rhizoxin; ribozymes; RII retinamide; rogletimide;
rohitukine; romurtide; roquinimex; rubiginone B1; ruboxyl; safingol; saintopin; SarCNU;
sarcophytol A; sargramostim; Sdi 1 mimetics; semustine; senescence derived inhibitor 1; sense

15 oligonucleotides; signal transduction inhibitors; signal transduction modulators; single chain
antigen binding protein; sizofiran; sobuzoxane; sodium borocaptate; sodium phenylacetate;
solverol; somatomedin binding protein; sonermin; sparfosic acid; spicamycin D; spiromustine;
splenopentin; spongistatin 1; squalamine; stem cell inhibitor; stem-cell division inhibitors;
stipiamide; stromelysin inhibitors; sulfmosine; superactive vasoactive intestinal peptide

20 antagonist; suradista; suramin; swainsonine; synthetic glycosaminoglycans; tallimustine;
tamoxifen; tamoxifen methiodide; tauromustine; tazarotene; tecogalan sodium; tegafur;
tellurapyrylium; telomerase inhibitors; temoporfin; temozolomide; teniposide;
tetrachlorodecaoxide; tetrazomine; thaliblastine; thalidomide; thiocoraline; thrombopoietin;
thrombopoietin mimetic; thymalfasin; thymopoietin receptor agonist; thymotrinan; thyroid

25 stimulating hormone; tin ethyl etiopurpurin; tirapazamine; titanocene dichloride; topotecan;
topsentin; toremifene; totipotent stem cell factor; translation inhibitors; tretinoin; triacetyluridine;
triciribine; trimetrexate; triptorelin; tropisetron; turosteride; tyrosine kinase inhibitors;
tyrphostins; UBC inhibitors; ubenimex; urogenital sinus-derived growth inhibitory factor;
urokinase receptor antagonists; vapreotide; variolin B; vector system, erythrocyte gene therapy;

30 velaresol; veramine; verdins; verteporfin; vinorelbine; vinxaltine; vitaxin; vorozole; zanoterone;

zeniplatin; zilascorb; zinostatin stimalamer.

-20-



and Formul ation 2, as prepared in Exanple 2, were determ ned at anbient
tenperature. The fornul ati ons were stored for 0, 3, 6.5, 12, and 18.5
nont hs atwoizbf2763m tenperatures, including 37 C anbi erCTiUSapa063040 €,
tenperatures ranging from2 Cto 8 C, -20 C, and -80 C. After the storage
periods, the TCI D50 data for each of the fornulations at the different

tenperature sFu}thx%n&%sQ{f %&ﬁ&hbﬁg&dﬂc%‘ bﬁt@"sﬁtabfé‘ﬁ)r i tﬂé‘%alff%n&li{'t?on@o nt rol

Formul ati on, Formul ation 1, tion are shown I1n Figure 1.
r ecoverdicssibefl herfreiotiude sntpaartdec $Lq>ptemeatas'y potlenmtmg@gnmts,ahclﬁ(hlmgmﬂlatcho rantl-
ion 1, .and Formul ati.on 2 .are The viral titers

F |
o R DL A e O TRAEY. dFsiiaruts B0 ety ey oG Sy MBI FBIeS 1t or s,

The nordarbiig %rﬁ@tﬁine plbﬁciptytuﬂeeaﬁoxd&@esaﬁmﬂaﬂ%wyGlonatheycamﬁﬂ deprdstaure 3
for the Control Fornmulation, in Figure 4 for 15Fofmulation 1, and in Figure

5 for HMowgsikat isomrabne, trazodonF@n@hmt%lopr@mé %eatsdhaz regognigd onblogk § KOG (sagned

consistentl rmll r i n_ I nfect c redt t he Cont
For nul at'i onr}Sa‘f%f1 er %mSti € gaﬁ%fali%n mfe\é T nﬁ@ﬂ ‘é’bneé‘n [CaloveI rjr gﬁlgﬂo ulin o

st or ed igibira® (& ab&aylahmw @lrlﬂhwﬂ&p@zizeﬁﬁ md chSEﬁiplrz&fnnb)} seshotdtidimBeTHipathiiol
corrpared to the Control Formulation after 6.5, 12, and 18.5 nonths. At -80

C, t he A0HRENWSI(CBotareafnymns patneBmEodmgnicrs. carniding gaBhYNTERT e deye &1 t er
ft
oL PRy Begt O BRUAR A RE ATBORS, Shallaal

Foo mul ahlfommme) and rﬁalﬂpleahug)fes@mmbe addubiag rzrgénn buh aaQiertaptpo$iLt Thavital as

descri bove, were tested f parti.cul ate tter. using the USP <788>
Li ght pUans dRsopkrd ﬁ*eqeél €8 bﬁe@é{mmﬁ?@dr%@wtgkm%wg SNATAPHIOFHS) e 2,

i ndi catcgl ?%hm\(ﬂa"tlﬂ f@srul ations prepared with Conposition 1 had many fewer
particles than vir fornmul ations using the Control Fornulation. 30 WO
2012/ 075379 %Tusbﬁha’bm 0830uhd pidiiérati R digorBenraferdiol any Balliad disorgerfowhuthathieon
Mean Pacre sI I():I%L etra%e Ir:.nolré {ra%lcllg 1;[han normaﬁlssue growth. A proliferative disorder includes, but is
15 not limited to, neoplasms, which are also referred to as tumors. A neoplasm can include, but is
not limited to, pancreatic cancer, breast cancer, brain cancer (¢.g., glioblastoma), lung cancer,
prostate cancer, colorectal cancer, thyroid cancer, renal cancer, adrenal cancer, liver cancer,
neurofibromatosis 1, and leukemia. A neoplasm can be a solid neoplasm (e.g., sarcoma or
carcinoma) or a cancerous growth affecting the hematopoietic system (e.g., lymphoma or
20 leukemia). Other proliferative disorders include, but are not limited to neurofibromatosis.
As used herein the terms treatment, treat, treating or ameliorating refers to a method of
reducing the effects of a disease or condition or symptom of the disease or condition. Thus in
the disclosed method, treatment can refer to a 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, or 100% reduction or amelioration in the severity of an established disease or condition or
25 symptom of the disease or condition. For example, the method for treating cancer is considered
to be a treatment if there is a 10% reduction in one or more symptoms of the disease in a subject
as compared to control. Thus the reduction can be a 10, 20, 30, 40, 50, 60, 70, 80, 90, 100%, or
any percent reduction in between 10 and 100 as compared to native or control levels. It is
understood that treatment does not necessarily refer to a cure or complete ablation of the disease,
30 condition, or symptoms of the disease or condition.

As used herein, the term subject can be a vertebrate, more specifically a mammal (e.g., a

human, horse, pig, rabbit, dog, sheep, goat, non-human primate, cow, cat, guinea pig or rodent),
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a fish, a bird or a reptile or an amphibian. The term does not denote a particular age or sex.
Thus, adult and newborn subjects, whether male or female, are intended to be covered. As used
herein, patient or subject may be used interchangeably and can refer to a subject with a discase
or disorder. The term patient or subject includes human and veterinary subjects.

Throughout this application, various publications are referenced. The disclosures of
these publications in their entireties are hereby incorporated by reference into this application.

A number of aspects have been described. Nevertheless, it will be understood that
various modifications may be made. Furthermore, when one characteristic or step is described it
can be combined with any other characteristic or step herein even if the combination is not

explicitly stated. Accordingly, other aspects are within the scope of the claims.

EXAMPLES
Example 1: Non-Viral Composition Preparation

Compositions 1 and 2 were prepared by mixing the components shown in Table 1.

Table 1:
Composition 1 Composition 2
Component Amount Component Amount
Sugar(s) Mannitol 30 mg/mL Sucrose 40 mg/mL
Sorbitol 20 mg/mL
Amino Acid Histidine 20 mg/mL N/A N/A
Divalent Cation | MgCl, 2mM) 2 mM MgCl, 2 mM
Surfactant Polysorbate 80 0.01% Polysorbate 80 0.05%
Carrier Phosphate Buffered Saline (PBS) | Phosphate Buffered Saline (PBS)

The PBS used contained 0.20 mg/mL potassium chloride, 8.00 mg/mL sodium chloride, 0.24
mg/mL monobasic potassium phosphate, and 2.71 mg/mL dibasic sodium phosphate
heptahydrate.

Example 2: Liquid Viral Formulation Preparation

A control reovirus formulation (Control Formulation) was prepared by providing reovirus
in phosphate buffered saline (PBS) and further diluting the mixture with additional PBS to obtain
a target total viral particle titer of 3 x 10" TCIDsy/mL. Formulation 1 was prepared by
providing reovirus in PBS and diluting the mixture with Composition 1 to obtain a target total
viral particle titer of 3 x 10'° TCIDso/mL. Formulation 2 was prepared by providing reovirus in

PBS and diluting the mixture with Composition 2 to obtain a target total viral particle titer of 3 x
20
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10" TCIDsy/mL. The dilution ratios for each of the formulations were determined by analytical

HPLC.

Example 3: Liquid Viral Formulation Storage
5 The infectious particle titers (TCIDso/mL) for the Control Formulation, Formulation 1,
and Formulation 2, as prepared in Example 2, were determined at ambient temperature. The
formulations were stored for 0, 3, 6.5, 12, and 18.5 months at different temperatures, including
37 °C, ambient temperature, temperatures ranging from 2 °C to 8 °C, -20 °C, and -80 °C. After
the storage periods, the TCIDs data for each of the formulations at the different temperatures
10 were determined in triplicate. The mean data for the Control Formulation, Formulation 1, and
Formulation 2 are shown in Figure 1. The recoveries of infectious particle titers for the Control
Formulation, Formulation 1, and Formulation 2 are shown in Figure 2. The viral titers were
normalized to account for interassay variations in the control titers. The normalized total viral
titers, measured by HPLC, are shown in Figure 3 for the Control Formulation, in Figure 4 for
15 Formulation 1, and in Figure 5 for Formulation 2.
Formulations 1 and 2 stored at 2-8 °C showed consistently smaller losses in infectivity
compared to the Control Formulation after 6.5, 12, and 18.5 months. At -20 °C, Formulations 1
and 2 stored at -20 °C also showed consistently smaller losses in infectivity compared to the
Control Formulation after 6.5, 12, and 18.5 months. At -80 °C, the Control Formulation showed
20 significant losses in infectious titer after 18.5 months, while Formulations 1 and 2 remained

stable with essentially no loss after 18.5 months.

25 Example 4: Non-aggregating Viral Formulations
Samples of Control Formulation and Composition 1, as described above, were tested for
particulate matter using the USP <788> Light Obscuration Particle Count Test. The results, as
shown in Table 2, indicate that viral formulations prepared with Composition 1 had many fewer
particles than viral formulations using the Control Formulation.

30
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WO 2012/ 075379PCT/ US2011/ 063040 WHAT IS CLAIMED I'S: 1. A viral formnulation
conprising: (a) a purified virus; and (b) a non-viral conposition

conpri si g0 2012/07637% manni t ol ; (ii) sorbitol in a comcentse@tioedvs®of | ess
t han 3% based on the wei ght of the non-viral conposition; (i)
hi sti di ne; (iv) My2+; and (v) aliquid carrier, wherein the

non-viral conposition, excludingppbpe-liquid carrier, is substantially free
of nmonoval ent cationic salts. 2. The fornulation of claim1, wherein the
conbi ned |cbimad kill atBudk Laft #npFormolatiand sod&irt ol | Partiedstet h®artifatey| wei ght
based |on [t hd.osg ght of the phon-viral gorposiclei onmadteA>VOr @matter Fpsat i on
conprijsing: (a) a|purified pirus; and |( Diaet@PN| Virhikor ONPOShicken
conprijsing: (i) mannitol; (ji) sorbital; d@id)i) hirbh@ifts: | #ic¥ntabfz+ and

(V) a M quB_g&ob®T60-08001 | "eh&LT_L € GBRGENtatigh, of sugars 1 | he
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4. The formul ation of claim3, wherein the conbi ned concentration of

manni tol and sorbitol is |less than 7% by wei ght based on the wei ght of the
non- vi r alwoenpagsi’oon. 5. The formul ati on of any of cl ai RETS4911M6A@i N t he
non-viral conposition further conprises a non-ionic surfactant. WO

2012/ 075379PCT/ US2011/ 063040 6. The fornul ation of any of claims 1-5,

wher ei Ryher CiAIM’@ﬁ‘IFat' on is substantially free of Zn2+. 7.The

f or mul atlon of any o ainms 1-6, wherein the viral formulation is
substantially free of trehalose. 8. A viral fornulation, conprising: (a) a
purifidd vi rasiraldadnylpjoracamemisuig: al conposition conprising: (i) sucrose in
a concentration of fJ har(’i 5% based on the wei ght of the non-viral
conposi ti on() (ai “r?éé’-’ﬁms | i) anon-ionic surfactant; and (iv) a liquid

carrier, (b) RRLEED cbMBod@Er ¥drhpHsikenPosi ti on excl udl ng the liquid
carrier is substantiall ree of npnoval ent cationic salts, non-sucrose

pol yol s, and cdPbo®§imaioss. 9. A viral fornul ation, consisting essentially
sucroge i a coibentist T BftefBlioh 3R s SATRIR AL ORgRERRRLE TR, (1)
non-viral caowposiat c@nposit(dn,) NY2+;
(iii) histidine;
(iv) Mg*"; and
(v) aliquid carrier,
wherein the non-viral composition, excluding the liquid carrier, is substantially free of

monovalent cationic salts.

2. The formulation of claim 1, wherein the combined concentration of mannitol and sorbitol

is less than 10% by weight based on the weight of the non-viral composition.

3. A viral formulation comprising:

(a) a purified virus; and

(b) anon-viral composition comprising:
(i) mannitol;
(i1) sorbitol;
(iii) histidine;
(iv) Mg*"; and
(v) aliquid carrier,

wherein the concentration of sugars in the non-viral composition is less than 7.5% by

weight based on the weight of the non-viral composition.

4. The formulation of claim 3, wherein the combined concentration of mannitol and sorbitol

is less than 7% by weight based on the weight of the non-viral composition.

5. The formulation of any of claims 1-4, wherein the non-viral composition further

comprises a non-ionic surfactant.
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(tii1) a non-ionic surfactant; and (iv) a liquid carrier. 10.The

formul ation of any of clains 1-9, wherein the virus is an oncol ytic virus.
11. The fowoubetda7esr9oof any of clains 1-9, wherein the viPU3/lS201a/063040
non-envel oped virus. 12.The formnul ati on of any of clains 1-11, wherein the
virus is a reovirus. 13.The fornulation of claim 12, wherein the reovirus

I's a ngmmal i 6eaHhddiSor aéﬁgf@%irﬁ?l -@Pl;vﬁ&ieg{ét_hé’fv{}% BiAhkon WGH&AMial P ree

mamal i an reovirus is a h n reovirus. -
2012/ 0BZAYPCT/ US2011/ 063040 15. The fornul ati on of claim 14, wherein the
human reovirus is a serotype 3 virus. 16. The formul ati on of claim 15,

wherein the . serotype.3 virus.is.the Dearing,strain. 17. The, formul ati on of
clai m T2, widrdPHrTRIOn oty o6 i £6, BRGHT RS M P pwatan oahsEy s

18. Thefrkepamwdcati on of claim 12, wherein the reovirus is | DAC #190907-01.
19. The fornulation of any of clains 1-18, wherein MJ2 is present as

magnesi um chl oride. 20. The formulation of any of clainms 5, 8, or 9,
wher ei -t he ‘hw¥ilifermeation: campE#ngi s pol ysorbate 80. 21. The formul ation of

any of cl ai 1 206 insthe liquid carrier is an aqueous carrier. 22.
The fornulag?Bnlﬁglg a|n$f%d wherein the aqueous carrier is water. 23. The

formul ati on (bf aanmon-afal cobmpostidn &Rnprwtvey:ei n the viral fornulation is stable

at a tenperature at about anbient. tenperatur 24. The formul ati on of any
of ol aims 1- 23, (WRWFEIAT HEPTGPREONSH RSP Janan’ butdonthevaeh ijtt Tkt e at
about anbi ent tgmgt@byre for a least one day. 25. The fornulation of any
of clains 1-22, wherein the viral fornmulation is stable at a tenperature of
about 4 C or |diigrMgos at least three months. 26. The fornul ation of any

of clainms 1-22,.wherein the viral fornmulation is stable at a tenperature of
Sbout 4G or 1 S TEHoale Ve p5 ot hs.

(iv) a liquid carrier,
wherein the non-viral composition excluding the liquid carrier is substantially free of

monovalent cationic salts, non-sucrose polyols, and carboxylates.

9. A viral formulation, consisting essentially of:
(a) a purified virus; and
(b) anon-viral composition comprising:
(i) sucrose in a concentration of less than 5% based on the weight of the non-viral
composition;
(i) Mg”;
(ii1) a non-ionic surfactant; and

(iv) a liquid carrier.

10.  The formulation of any of claims 1-9, wherein the virus is an oncolytic virus.

11.  The formulation of any of claims 1-9, wherein the virus is a non-enveloped virus.
12.  The formulation of any of claims 1-11, wherein the virus is a reovirus.

13. The formulation of claim 12, wherein the reovirus is a mammalian reovirus.

14, The formulation of claim 13, wherein the mammalian reovirus is a human reovirus.
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27. The fornulation of any of clainms 1-22, wherein the viral fornmulation is
stable at a tenperature of about 4 C or lower for at |east twelve nonths.
28. The fwormi2arsm of any of clainms 1-22, wherein the wcraiS2dion0poh@t i on is
stable at a tenperature of about 4 C or |lower for at |east eighteen nonths.
29. The fornulation of any of clains 1-28 which is suitable for dilution
bef or e 130T iRt kiAo RO LAERHT BRGHHAGAMOAIPAAD. SviFRL hod of
making a viral fornulation, conprising the steps of: (a3 roviding a virus;
and (b) conmbining the virus with a non-viral conposition conprising: (i)
manni t di6; (iTihe femmdatian ofickaim ISombersin tecisorotypk 3 wnss is haD@%npaisad. on t he

wei ght of the non-viral conposition; (iii) histidine; (iv) M2+; and (v) a
liquid,carrigr, . I el he nonzviral conposition,. excluding the

[ aut d 'Zar r g om0 SReRElntr RinS PP RS LI I TS form
a viralredwargul ati on. 31. The nmet hod of claim 30, wherein the conbi ned
concentration of mannitol and sorbitol in the non-viral conposition is |ess
than 10% by wei ght based. on the wei ght of the non-viral conposition. 32.A
met hod 16f mellbedgrmar i anatt dammss APsH thesppiiis i Ah & 1 4% Llof - (a)

providing a virus; and (b) conbining the virus with a non-viral conposition
conpri §iong: THe) oMK d any of claims 1-18, wherein Mg is present as magnesium chloride.

20. The formulation of any of claims 3, §, or 9, wherein the non-ionic surfactant is
polysorbate 80.

21.  The formulation of any of claims 1-20, wherein the liquid carrier is an aqueous carrier.
22.  The formulation of claim 21, wherein the aqueous carrier is water.

23.  The formulation of any of claims 1-22, wherein the viral formulation is stable at a

temperature at about ambient temperature.

24.  The formulation of any of claims 1-23, wherein the viral formulation is stable at a

temperature at about ambient temperature for a least one day.

25.  The formulation of any of claims 1-22, wherein the viral formulation is stable at a

temperature of about 4 °C or lower for at least three months.

26.  The formulation of any of claims 1-22, wherein the viral formulation is stable at a

temperature of about 4 °C or lower for at least six months.

27.  The formulation of any of claims 1-22, wherein the viral formulation is stable at a

temperature of about 4 °C or lower for at least twelve months.

28.  The formulation of any of claims 1-22, wherein the viral formulation is stable at a

temperature of about 4 °C or lower for at least eighteen months.

29.  The formulation of any of claims 1-28 which is suitable for dilution before
administration.
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(i1) sorbitol; (iii) histidine; (iv) My2+, and (v) a liquid carrier,
wherein the concentration of sugars in the non-viral conposition is |less

t han 7. 5%byodi7gdT™® based on the wei ght of the non-viralPCtarsp@giosioan, to
forma viral formulation. 33.The nethod of claim 32, wherein the conbined
concentration of mannitol and sorbitol in the non-viral conposition is |ess

Lhan 79%by ueh@ltogbRseainn, L ieiitionotorthifiROM Wdhbr.composi t on. VO
2012/ 075379PCT/ US2011/ 063040 34. The et hod of any of clains 30-33, further

conpri si ng dadipigvidingandruenarel sur f actant to the non-viral conposition.

35. The net h%g) of Hg)n‘?vi o%ﬁcl.ai ne ,30-34,. wherein.the viral fornmulation is
subst ant i al ) fPERTGRE Higirus gthenonsidrd] Gampestion, CYPPINING s 30- 35, wher ei n
the viral formgathshifop substantially free of trehalose. 37. A nethod of
making a viral fornulation, conprising the steps of: (a) providing a virus,
and (b) conbi ni(HY soHuto)in ysongentratpnradpesy itraal 3% vayd ontthowegbhplthei ng: (i)

sucrose in a concentration of |ess than 5% based on the wei ght of the
non-vira,

non-viral conposi foonﬁl;)osntolni’ ) mg2+; (iii) a non-ionic surfactant; and
(iii) histidine;
(iv) Mg*"; and
(v) aliquid carrier,
wherein the non-viral composition, excluding the liquid carrier, is substantially free of

monovalent cationic salts,

to form a viral formulation.

31. The method of claim 30, wherein the combined concentration of mannitol and sorbitol in
the non-viral composition is less than 10% by weight based on the weight of the non-viral

composition.

32. A method of making a viral formulation, comprising the steps of:
(a) providing a virus; and
(b) combining the virus with a non-viral composition comprising:
(i) mannitol;
(i1) sorbitol;
(iii) histidine;
(iv) Mg*"; and
(v) aliquid carrier,
wherein the concentration of sugars in the non-viral composition is less than 7.5% by
weight based on the weight of the non-viral composition,

to form a viral formulation.

33. The method of claim 32, wherein the combined concentration of mannitol and sorbitol in
the non-viral composition is less than 7% by weight based on the weight of the non-viral

composition.
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(iv) aliquid carrier, wherein the non-viral conposition excluding the
liquid carrier is substantially free of nobnoval ent cationic salts,

non- sucr o80 2plored78, and carboxyl ates, to forma viral PoTMsk@Eiioesvdo 38. A
met hod of making a viral formulation, conprising the steps of: (a)
providing a virus; and (b) conbining the virus with a non-viral conposition

consi sting_egsenthal bifarffof clairhs Y35 OR RNy Bg%%hfr%td&ﬁ BhidGfifchag 5%

based on the wei ght of the non-viral conpositi (rin)
non- i ohecnauviteEcvapositiamd (iv) a liquid carrier, to forn1a viral
fornulation 39. The nethod of any of cl ains 30-38 further conprising

o S5t "8 LM o ST R S5} PO 68 TG AR AR Blarily Rl o1
2012/03§379PCT/U82011/063040 41. The nmet hod of any of clains 30-39,

wherein the virus is a non-envel oped virus. 42. The nethod of any of clains
30-41, wherein the virus is a reovirus. 43, The method of claim42, wherein

the reddi r usthegnegh QFOrARIIOf 5 laiap g PBaswherain trpsirahdprpdatimn is sabsiantially fige pEi n

t he mann® §ﬂ reovirus is a human reovirus. 45. The nethod of claim 44,
mhereln the human reovirus is a serotype 3 virus. 46. The nethod of claim
45, wherein the serotype 3 virus is the Dearing strain.

37. A method of making a viral formulation, comprising the steps of:

(a) providing a virus; and
(b) combining the virus with a non-viral composition comprising:
(i) sucrose in a concentration of less than 5% based on the weight of the non-viral
composition;
(i) Mg”;
(ii1) a non-ionic surfactant; and
(iv) a liquid carrier,
wherein the non-viral composition excluding the liquid carrier is substantially free of
monovalent cationic salts, non-sucrose polyols, and carboxylates,

to form a viral formulation.

38. A method of making a viral formulation, comprising the steps of:
(a) providing a virus; and
(b) combining the virus with a non-viral composition consisting essentially of:
(i) sucrose in a concentration of less than 5% based on the weight of the non-viral
composition;
(i) Mg”;
(ii1) a non-ionic surfactant; and
(iv) a liquid carrier,

to form a viral formulation.

39.  The method of any of claims 30-38, further comprising diluting the viral formulation for

infusion.

40.  The method of any of claims 30-39, wherein the virus is an oncolytic virus.
-29-



47. The nethod of claim42, wherein the reovirus is a reconbi nant or
reassorted reovirus. 48. The nethod of claim42, wherein the reovirus is

| DAC #190W020(210753¥9. The met hod of any of clai ns 30-48, Pamasedn/obiyo i s
present as magnesi um chloride. 50. The nethod of any of clainms 34, 37, or
38, wherein the non-ionic surfactant is polysorbate 80. 51. The method of
any of (! ai he3sf oMAG oticThihl S0 5 Ahétefrane | £hs i3 BA.AGLBRUEviRALTT e 52.
The nethod of claimb51, 'wherein the agueous carrier Is water. 53. A viral
formul ati on prepared according to the nmethod of any of clains 30-52. 54. A
met hod 48f prlésenathooiomyt gliiths 30+d), whareinubs vicenipriredwvagys. preparing a viral
formul ati on according to any of claims 1-28; and storing the viral

f or mul gti on.,. 55, 54 mh erein the virus is stored at a
terrperglgure Ta orth%({1 focwrﬁalg1 & eretl%arrlﬁerﬁ%l\flﬂu SangglmaH]nren%VlWSd of claim54 or
55, wherein the tenperature |s anbi ent tenperature. 57. The nethod of

cl ai m 34. or Th,moshed & dlaitrus, twehiaped dicuh@mmalidn ®oviZusGs b duthafrcovd®s. The net hod
of claimb57, wherein the tenperature is 4 C. -30- WO

2012/ 075379P /US 1/ 063040 _59. met hod .of .cl ai m 54_or 55, wherein the
t enper ature i @%gfgﬁm%@v%@w%@a@%@m& HICIREPC AEHEI n t he
tenperature is fron1 60 Cto -80 C. 61. A nethod of preparing a

non- agg:r6egat1rh@gnéfh6@&,f&am a&ue% ﬂfé@@pr%mn@r@ﬂ@rmmng sihinal formul ation

according to any of clains 1-2 62. The nethod of claim®6l, wherein the
fornmulation is suitable for adnlnlstratlon by parenteral infusion or
i nj ect i49n. The method of claim 42, wherein the reovirus is a recombinant or reassorted reovirus.

48. The method of claim 42, wherein the reovirus is IDAC #190907-01.

49.  The method of any of claims 30-48, wherein Mg”” is present as magnesium chloride.
50. The method of any of claims 34, 37, or 38, wherein the non-ionic surfactant is
polysorbate 80.

51. The method of any of claims 30-50, wherein the liquid carrier is an aqueous carrier.
52.  The method of claim 51, wherein the aqueous carrier is water.

53. A viral formulation prepared according to the method of any of claims 30-52.

54. A method of preserving or stabilizing a virus, comprising:

preparing a viral formulation according to any of claims 1-28; and

storing the viral formulation.

55.  The method of claim 54, wherein the virus is stored at a temperature at or below ambient
temperature.
56.  The method of claim 54 or 55, wherein the temperature is ambient temperature.

57.  The method of claim 54 or 55, wherein the temperature is from 2 °C to 8 °C.

58.  The method of claim 57, wherein the temperature is 4 °C.
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59.  The method of claim 54 or 55, wherein the temperature is -20 °C.
60.  The method of claim 54 or 55, wherein the temperature is from -60 °C to -80 °C.

61. A method of preparing a non-aggregating viral formulation, comprising preparing a viral

formulation according to any of claims 1-29.

62.  The method of claim 61, wherein the formulation is suitable for administration by

parenteral infusion or injection.
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