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viral composition including excipients. In some examples, the viral formulations include a

purified virus and a non-viral composition comprising mannitol, sorbitol, histidine, and Mg*". In
these examples, the viral formulations can be lyophilized. Prior to lyophilization, the non-viral
20 composition is a liquid non-viral composition further comprising a liquid carrier. The
concentration of sorbitol in the liquid non-viral composition can be less than 3% based on the
weight of the liquid non-viral composition. The liquid non-viral composition, excluding the
liquid carrier, can be substantially free of monovalent cationic salts.
In some examples, the viral formulations comprise a purified virus and a non-viral
25 composition comprising mannitol, sorbitol, histidine, and Mg2+. In these examples, the viral
formulations can be lyophilized. Prior to lyophilization, the non-viral composition can be a
liquid non-viral composition further comprising a liquid carrier. In some examples, the
concentration of sugars in the liquid non-viral composition can be less than 7.5% by weight

based on the weight of the non-viral composition.
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30 months). Optionally, the viral formulations are suitable for reconstitution before administration.
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administration.
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at least two genetically distinct reoviruses. Reconbinant virions can al so
be gendlamtoedidag (eel, Kilbamtrarerusy,and ddowptidac (byg..¢ipulanfidescensryvims). per mi ssi ve
host cells with netically distinct .reoy ruses. Accordin . the .
Fecor: nant goRTEG Rt Lt bRHIE yBR e R S S8 P B ol oo
resul t ahd edBticRie ASQiibeE AtreRf inlaBFRt SRAFENEfted f) Mylovwiridak, sigHoeirgRBet i cal |y
di stinct reoviruses, including but not limted to, human reovirus, 30such

a0 t ypeodoYieides, tecgvirigip qorirgyiridegbasmavaridge, lipathrarviridasnBisyllovandacs ype 3
(e.g., rp%&Ci?i'dQe %@J&iﬂ@ae%lﬁctoﬁ d?rié’é‘%”ﬁé’chlovﬂ? 'ehl&'éi‘ﬁe%lvmdeﬁ&iﬁgé’e‘“ ruses, or
avi an reovirus. In sonme exanples, the reconbina reoviruses can result
f rom r @aperiridans padfdgeitdae is@giesd, smifooitidhyygearininiidae, dMoviridae,
2012/ 075376PCT/ USZO&.l/ 063037 .. . . . .

parvoviridae, hepadnaviridae, retroviridae, cystoviridae, reoviridae, birnaviridae,

paramyxoviridae, rhabdoviridae, filoviridae, orthomyxoviridae, bunyaviridae, arenaviridae,

25 leviviridae, picornaviridae, sequiviridae, comoviridae, potyviridae, caliciviridae, astroviridae,
nodaviridae, tetraviridae, tombusviridae, coronaviridae, flaviviridae, togaviridae, barnaviridae,
and bornaviridae viruses.

The lyophilized formulations optionally include a reovirus. As used herein, reovirus
refers to any virus classified in the reovirus genus, including naturally occurring and

30 recombinant reoviruses. Reoviruses are viruses with a double-stranded, segmented RNA

genome. The virions measure 60-80 nm in diameter and possess two icosahedral, concentric
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genetically distinct reoviruses wherein at | east one parental virus is
genetical ly engi neered, conprises one or nore chem cally synthesized

genom c swQreertws3shas been treated with chem cal or phyectalS2emiespens, or
is itself the result of a reconbination event. The reconbi nant reovirus can
undergo reconbi nation, for exanple, in the presence of chem cal nutagens,

S ncl udbngq oikiisNGhe kg'bﬂﬂrﬁeeébnrsﬁtsfﬂff&%{él{%-:sn%ﬁﬂefdé}iﬁzxQH@o-qb *Hi&ké{@bwsdﬁﬁh Qr

physi cal™ nut agens, includling but n imted to ultraviol et t and ot her

f or ns dbtal ghoateisore.of 16-27 kilobhwerpagx diohyl) e $hofndswudtad RNA segnoamits veamin sisovi r uses

i nclude_ those.that c rise deletions ar duplicati.ons in one.or .nore genone
segment L1 fsfinct BYFIRLE YRy FRATAHS GEVORIeE TP S D maR, SBECkas (L s

I ecombitiaksisRate Wichnforh@sitpl &fédt-rBEMOMRige Rl ThORIMEP RN Ir§EconRtshtthee genes.

The 10 reovirus can al so be nodified by incorporation of nutated coat

pr dt ei nerotyngeHyps ! {sorairebangmirel 1)), typei2 ostraie)anies.i 19d), ond &mpedaplid Dertiag or
prOtei%ﬁa%ﬂﬁmﬁﬁ'ﬁﬁ@%%%QA y replacenent, insertion, or deletion. Replacenent
i ncl udés the’ ihsertion~of different amino acids in pl ace of the native

am no aci ds.Ad séetiddensvd, figd iedeirid@nibesatddntingdt rédthul,ivotiioh candmtaaild
residues into the protein at one or nore |ocations. Deletions include

del et i O§SWHRE OhBORatHRIlY oseHTHBE adheirqoslpyiselssqribed pe ngpeslyiogcurgyg prhen it

15mut atCIaIIQ B2 is%%getgj‘??rg%&gﬁt%te &4l a?tﬁrerg‘ﬁtd had ﬁo%@%t%ﬂio’hﬁﬁy ﬂoﬁiﬁe@%&gﬁ%ﬁ'ﬁ? biPthe

ol i gonucl eot | rected nutagenesis o e gene enco or one of
t he codibgpatotyeibus ceanpleghekdovims threbgemaradidldsowée tike fibasa hedamuwhahbs coat

protein. In_one e dinment, the reovirus is | DAC #190907-01.. The viruse
for us@CPhinfereed \yg@ﬁﬁ YF%HJS?-O?WGQH%%@%@% LF plgct ?%@Htagaﬁze&ef%bmhapp

20vi r U%@ﬁvitf@%!&ﬁféo%& QbilinUEKEhBIEs ¥ {PaeR L&hiRE chRbY FunaeRr bhahpiBaye been
separated trom cel [ ul ar corrponents that naturally acconpany them

Typi calU.§, Patentugpdicatron Rubhsatobaréas. pO0S/0226601heh2008292920%4.at | east 70%

(e.g., at least 75% at .| east..80% | egst 85% .at. L.east 90% at | east
0508 or "t 1 IRarOGEby T PeaRNiGEd BTl ER o ORI B ipk SRk n o pisEl

ceb | ul aavin@ARABEVH Bs PhthvaphTEOrdbhRYs MbLbOSRdMiBAllyYordns@eimddaBg prdtR@todi (B yses
can be purified, for exanple, according to the nethods 25described in U S

Pat ent bagiskireet woh dAubickecaRabirns OEMOTRDR O ERTEY;PriR0 6w/ AT05E9dN to the _
2005/ 0005692, 200%/ 0980509 ang, 2PATL0209056, L £ a1, I-NGot PARALED. hey i n

by ref erence eirentireties or exanple, n be separal% ed

f rom otrhsrinp@ide tht BScdtivitn@f tHeeitus C Mt eldeEuOmad®BSbAtYd Or Adp@bine or micelle
centri fugati on, ultrafiltration, diafiltration, ion _exchan

chr omat(6BandsHyandsNiberteder diod Kl‘rehgbr?&w@ﬂ%wl9ﬂ$)@-hFafef_f>ﬁamp?ﬁ§H@eviriplamaa
chy Omtb%%e@%ﬁkithoéhy%%?h%lﬁtiﬁ %Z)r%fengéo(?ﬁ}ﬁﬁglie-forMn A BEURS GEIRNQY Rate ! NE

viral formulations~’inc e a non-viral conpositi conpri sing exciplents.
Opt i onalitfyctaes td gmstatd avocve xdeg@ioanssbvil particie\MSVR)hr ee, or nore exci pi ents)
are included, -7- WD 20%2/ 075376PCT/ US2011/ 063037 in hhe fnon-vi ral

conposi ti on. THEIETHIUS G718 OF B Fecquiimant eigassaHan TeaiTus Sy S WRTBRES nel ude, but

ar e Notred JflikfdnkassSHdOf oBRGMIR s@?’hgﬁs ﬁglet@xJ_oed}tm&@t%ie%all}aaﬁti%r factants.
These excipients can contribute to the stability of the virus. In sone

exanpl esqvitules. IRmombinahes/ecasscrinping nf ovmug gemonohsoginreals wgnpwsi ni regeand
S R GRS P BTG o v oo
i nf ect iRdcbdbinant virions can also be generated in cell culture, for example, by co-infection of
permissive host cells with genetically distinct reoviruses. Accordingly, the recombinant reovirus
for use in the formulations described herein can result from reassortment of genome segments
from two or more genetically distinct reoviruses, including but not limited to, human reovirus,
30 such as type 1 (e.g., strain Lang), type 2 (e.g., strain Jones), and type 3 (e.g., strain Dearing or
strain Abney), non-human mammalian reoviruses, or avian reovirus. In some examples, the

recombinant reoviruses can result from reassortment of genome segments from two or more
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Sui tabl e sugars for use in the non-viral conpositions described herein

i nclude, for exanple, nonosaccharides and di saccharides. In sone exanples,
t he non- woab12008376si t i ons i ncl ude mannitol, sorbitol, POTMUSE,1/063037

conbi nati ons of these. Further exanples of suitable sugars include |actose,
dextrose, fructose, glucose, and naltose. Optionally, the non vi ral

1000”13%311&1631]? d%ﬂﬂét%o%bﬁ@ﬁ\i\/hé'réﬁ% Yé'aEtadne‘;?‘afe'ﬁ%QI %irhé’ﬁ%eﬂét?caﬁ SliAdib@l |y free

of trehal ose.” Subst anti al free neans that the non-viral osli tions
and/ or cbmppmsl cmzemi mare alherrﬁloatlmﬂyathesimsd genoniia s¢gmakatd, h&‘sbetehma@d}z%h | ess than
0.01% | ess 0. 001% | ess t .0001%,. or 0%.0f . trehal ase based on the
wei ght SBFMEH rf YNGR EEnSY O 18 ﬁﬁﬁ@f &%‘ X a TpgpmbiRHia S oMYA

and/ or rbKQRBIchh GEbr d fe@mefh'éﬁbﬁ 3bi QampH, & Sehsdseidd FHchymidaPRuRbesygar s
ot her than sucrose e., the I5non-viral conposi tions and/ or yophi | i zed

vifal fisrlwdihgbiiomwt dlgm@db@ damathishifate eaé chfdinorreniicosrephpysicylonstpgerfhe sugar s

for userllcln t h%utnrg)or‘g'hml{eglto uRrrrB ?etthlgﬁp anda oqge/r%rmsy () radla{lzed viral formulations
can inc nore sugars. For exanple,

the non-vir al)th@xo:rxaﬂ@ldslo@@mca@[b ﬂea@rhbndentsfu@\nﬁ@es iaslutif hosel hat cangiRnieldtions he
formul ati on or can include a 20conbi nation of mannitol and sorbitol as the
sugar s 9pHeRlig#iIoNHINGRE OF BIovEI BOMSECEMRRES oM iae pddtional grrgtisiigiergation as

| udi oTela b
expr o5 i LA BRARAI EpbitCoh KaRa, bF B e CRACLEBRETEEY, i o
noa- vi redvime rposlsd bomodific. b,y ihtreporatier of muitacuingpasprbiotms, sywhiasfortéxample ol,

| yophi l.i zati on, includin quid carrier The total concentra n of
sugar ( él)‘toa]ilf‘e‘élélﬁfl opigr f%@l(ﬁoﬁﬂwp’g}mc&% 6&%%%%%?@%@%@%“5?*%1 ] HfF GPY ess

based %gla%@mg@’iﬁélgggs tRd ink&FioR 9? It A PR3Astih Place 5P hetUAIPhRinolf3gist Ot al
concentration of sugars can be less than 7.5% by wei ght based on the wei ght

of the Ihseqmm imdudovthe aisextrmmm(ﬁ gilditiomal (amltgp acid essluchanmo ﬂlezp%tbm afvehgbit moteess

th 7..3% % 7.1% ht ,
non {idchgYs et ip iR A nf Bt S Mo ibo A a g R i es ey
| gss t haiadSsRYn BELSkrated B SnctHoAB kaddPn thelagthtEor baSSpIE, %@oﬁ%lwld@@n@ ht, or

| ess than 1% by weight based on the wei ght 30of the liquid non-viral
conposiditicetall mlﬁgen@twfﬁhe ge@mc@@ég &srrpnb@f ﬁree@@hmrotermqae resH-iy theal

conposi tion.. | OTaJL from 4.5% or
From 2 PGPy g OEA B B PR a8 T P gt sl L HEND: ¢

non- vi raboeayapiosi ti on. Optl onal |y, V\D 2012/ 075376PCT/ us2011/ 063037

manni tol and sorbitol can be included in the non-viral conp05|t|on in a
conbi ned condentiuags fleRussrin theskyoplibizedAogyylatons deserihed haramcanbameifisdi ght  of

2 28 ooy PO RercRORRRC (RBsy S 0 V0 Ly WL Rt 300 BBl MMETT 0p
to 6% cbmpom&fs that @%raby ad’:crompaﬁ%hem 4%pi@am Siousok aml coasiderbé pumnfitdrdbeh i N 5a

606 T 1 dhios dcleag DBrtereinicash D spchsich o b S5k e it bl oL P ot on
of the ,81gar®ol)Sy! &?%zeﬁé]ﬁrfrge 2% PRSGH AR SR cANHaronipdferdts Akhdyion- vi r al

COI’T'pOSI t1on.
they are naturally associated. The viruses can be purified, for example, according to the methods

25 described in U.S. Patent Application Publication Nos. 2002/0168764; 2004/0005693;
2005/0095692; 2006/0088869; and 2007/0269856, which are incorporated herein by reference in
their entireties. For example, the virus can be separated from other particles using the techniques
of density gradient centrifugation, ultrafiltration, diafiltration, ion exchange chromatography,
size exclusion chromatography, high performance liquid chromatography, or combinations of

30 these.

As discussed above, the viral formulations include a non-viral composition comprising

excipients. Optionally, at least two excipients (e.g., two, three, or more excipients) are included
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Am no acids can al so be included in the non-viral conpositions described

herein. Suitable am no acids include, for exanple, histidine, arginine,

| ysi ne, mwohoomi7esds gl utam c acid, 10or m xtures of the®EeT/USA@106308Dr €

am no acids can be present in the non-viral conposition in a concentration

of 5%or |ess based on the weight of the liquid non-viral conposition. For

exanpl g gidionGane e&&lg@stlﬁ&p 2 e@éﬂt@?or%‘éé St ABn g eonifoRfiiohfRut, AR

Iess 3.5%or |ess % or % or |ess, % or less, 1.5%or |ess,
0% omot baged ar, s@gabsYmonnd as@s dastdt oailomhelnvlmulg”mtam These Iexcqpnedts em- Vi r al

conposi tion. 150 val.ent tians can also b cl ude n the .non r al
compos PN EuteR e BV Tl WA 18 0PSB Em Ry BoehE oL AP BRF RPN LbHE Ao ne
non- Vi Kala] fidnk afd RS @RS it hRrBENES! 4Bvaabi B8 1éde-Rrm s{wgge)of Whidescan
be introduced to the non-viral conposition in conbination with an anion as

a %al t (cgustorags fayiorbve apnthyaragiegicr) rithonblesyoirdral edfagtistyt i ons and/ or vi r al

formul at ! On%natr lﬁle Sstflgbazg orllrtulsé'sl {nl th ];161(13-%1r01f cozq)zostBs gesgll‘l‘%)/e% ﬁae%lpcac:lué) nfot%an be
present Int non-vira conpos N a concen IOﬁ ranglng

from 0.:Qdmpivl fn@n@saﬁ@ﬂanﬁ@d’ arRIxHsHetRaridY 2In watt dkemplee st hoh-Rirkh@mposidions
formul ation as MgCl2 in a concentration ranging fromO0.1 nMto 4.5 M 0.5
MM t o 4nghge Brnnitohagprlatol speyope of combinpgigns Oégﬁse)namlﬂgﬁr cxaeplexed piitables
present, ga{} F&ﬂ,fd’é%télé M @lxtdoQF, TR, co@é‘ %'IlH‘Klra!‘t%sé he t'ﬁd 51,%8 264 'Vﬁrﬁl’ Ca“ be
subst anttal ree of nobnoval ent c Ioni’c sa Uk or exanp

sodi umc()m@osmomsfundmr(lyop)luhz;adtmbfoum(aﬁ%s an dulsmpmoaily freg wéh)alo%cont a| ni ng
sal ts.

rther excipient for use.in th vira ositions
descri &%stﬁ@fa@}yrﬁ’e@&ﬂeanﬁ 8@: nOPo‘flraiﬁ%{fﬁmSéﬂoné ag@rof %@pa eé ﬂr%}[fp A pUGHs
ref €1 S iR I RO MY [d00Hhah 0. (1O RO A 0013, hys@rmm b AR @by oand
hydr ophobi ¢ noiety. As uSed herein, 'surfactants include, for ‘exanple,

det er gerhalosShrstdbh ehesweiglatotf dlmt ®rioktioseln sontchaxamplesythe abnwuntnmmpqsmms
descri be ni. c and non i ni sur f act ant

excanp! @080 Biopb et S A BRGrslBl St B0 REA BT suiiPe AT Mgt an
i st he ndARiMI EhpSERTENQ 8hd/oPRSphiR&] @Fal Mlawnf@@ﬁ@%ﬁawﬁe@@fﬂlﬁlemfﬁseI n

t he non-viral conp03|t|ons optionally in an anount of less than 1% by

wei ght ne&wéd. on the wei ght of the WD 2012/ 075376PCT/ US2011/ 063037 i qui d
non- V! ral COIFHBOSI b L Bl usé ?n thgngn VT, Ic ! he 1u051f %1?&/8%1 é@ Bze%pwpa?ﬁ(? a%o‘ﬁs' n the

non-vi r al conpos%?]on i’h an anmoun URSSS €ss than
0. 1% bycanvirictiftke,on0kugL 98 a lcb@binatiGd s tb% Mﬁh@b'fsuﬁa&s OFor &aﬁﬂ;% Ehé nsahgfi ) .
Optionally, the non-viral conpositions and/or |yophilized viral

f or nul £EMBALTIGN EASRGHAE BHAPEI A Yhe Fugar IESPAIHR Wrat%@lonaf shpinsludgp

8?6 box)éhﬁlhoﬁﬁtlbﬂghﬁq{?m%‘f%ﬁ{i 0dbfoPRInEL #' %I Stesent in the fPmBREIR! 3hY c&%;émré}?o%' on

the virus and non-viral conpositio i ng excipients
viral fod mmbahtspmcludnﬂgmdg&s@rmm iini teel lywphlﬂnsed mmirfoﬂrmllatlcms rchi bobxpridssd i di ne,
and My2+ escri bed abqv non-\vi r osSi t.i ri.or t.o

th
| yophi | Feizid Pt et ptie N iR gerqghtert o i, SpPprEon Gopients) a
l'i qui d n%ﬁf\flﬂaﬁéorﬁﬁbsftﬂfnnbﬁoﬂ tb%lﬂiul%ﬂoﬁ/ '1ﬁé’;{1d1ﬁg ARSI daBfer). THE: ©TROMEHtration
10concentration of the sugars 1 n t he IQUI non-vi ral COHDOSItIOﬂ can be
| ess t dnugarGYpisyeniei thnobasetcampasitenwen dhtl 0%‘ byt weight euuicsh baogd ari thal
CQLpos Iweléllq of 't:hoerno%)-(\?lr compésrl]t?onc 01510(%%95&81 28 S total concentration of sugars can be less
than 7.5% by weight based on the weight of the liquid non-viral composition (e.g., less than
7.4% by weight, less than 7.3% by weight, less than 7.2% by weight, less than 7.1% by weight,
less than 7% by weight, less than 6% by weight, less than 5% by weight, less than 4% by weight,
less than 3% by weight, less than 2% by weight, or less than 1% by weight based on the weight
30 of the liquid non-viral composition). For example, sucrose can be present in the non-viral

composition in a concentration ranging from 0.1% to 5%, from 1% to 4.5%, or from 2% to 4%

(e.g., 3%) by weight based on the weight of the liquid non-viral composition. Optionally,
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manni tol can be 3% and the concentration of histidine can be 2% to provide
a conbi ned concentration of 5% Optionally, the sorbitol can be present in
a concentwatom76§761 ess t han 3% based on the wei ght of ®he/useguiosdoadn- vir al
conposition. For example, sorbitol can be present in 15a concentration of
|l ess than 2.9% less than 2.8% less than 2. 7% less than 2.6% | ess than
2,5% Lesibia Sl cheaointiag 7 Aol SRR CbeRioR T o LERAinkRRMEnidhor oS
than 2% less than ess . | ess tﬁ ) | ess than 1.6%

| ess t hdifesd tHadg7. 5%:{@5;1, Ran based%nthes/slghhaﬁthiha%dﬂoassraﬂ h@mpdsnzc% Hogss t han

1.1% or less than 1%. The fornmulati on can al so include n-ioni

sur { ac RS E Rl b g B G norirgRn st rrBoStFn 8Pty Tom: gh
of the ¢l jogub doiNaBmYi%ab 620ERRPDSItd 5O of o 3% % 9Yhind 3Hbhdl&an bk MR IRRA-YI T al
conposi tion and/or the viral formulation can be substantially free of

nmohov alagencadation rangyel fram 08426 to ahd/ (e tfmhaﬂ&{s@ 7‘VArfthé% @lﬁ%amre 20 toal
formul a} on .l nc e i d Vi 1us nd a.n v Slt | udi ng
sucr osa Rp SN L8 Behaid: B Sr Be e Rh ¥ Ry BB RS b TR S Phe

non- vi rbabedCcﬁnm@sJeigh@afmamqﬁmrﬁdmemalﬂsﬂnp@l@n@l liquid carrier, thus formng a
l'iquid non-viral conposition. 25The concentration of sucrose |n the liquid
non-viral coHpE8iacidssar also be inchyled g ne%%@b@anwlttqmédw@ﬁ@ ¥FI% he |i quid

non- vi I, ; [ n of
Do orH BIERGE A0 AhneBE (B0 Blabls, BUEAECa iR BARR mclhi if CARERRIALLON
| ess bas ﬁdxmrestdﬁﬂlesel Ght oofmotdreminb quids caobe picsailt ircthposivirabtompasitidnen aor e,
t he non-viral .co on, and/ or, t he Iatlo can be SLil‘gstantlally

free ofCREHINY ;96;1%?6]0%36 8 RV B8 W%L%qu‘(l N-VIHEUeRASH R e "8hd
citrat &kam mple, the BhRyFESES 1 g0 NEREH B £5TRINadSe 6% srakisngsifG 1byopby] | zed

viral formulations. The methods include providing a virus (e.g., a purified
vi r us) ,or ¢assitd. 5fiorg lask.e2. §Yoromdesni k. 5ot hesn,- MO Yoair lesgOor 0.3A@or less based on the weight
2012/ 07?%} 61PCT US201 /06303 conposi tion including the excipients in a

i qui d Catr ey iy ?”6?' mPEPPPEEMd viral fornulation, and Iyophilizing the
lijgui d vi r alpif gleRita8bhdin aldd BRAABUEHANRAESon- alraﬂlébﬁ@bélﬁommbeqﬁlewlﬁ U§ is
provided to are a viral fornulation at a titer ranging from1 x 105 to
4 x 1ospitglile éivaga? qatieh der ysenn Hicinontviiabgormitian)ingtfidesi themggeesium extion (i.c.,

SSUI tat%g_gﬁt ﬁgkﬂ aﬁ%g IiI’IltFOd%CGC(ﬁtO tﬁe n(%lqull?aau%m 05198 nlna 1 qHalq a\{lltd‘ll % r I%lﬂn @ g.rp es

of sui queous carrrers i1 nc ene gl yco ene

gl ycol ,salandciohd Mgom abpitbnaly tthosen- Olfralﬂﬁhfp@hlﬁum ardiririvadal qu‘mgﬁhabd &eor
synthetic orlg such,.as peanut oil, soybean oil, mneral oil, sesame oil,
ol i ve dhbstansiafy fise of ZRe. T gaynlent é%ttOéer@n PResga 1€tﬂI*F‘y1I1qUé‘li aeR-¥irglcomyosigon

?b t abl, II‘? ’881|[.‘cc gﬁHrF&H?a%ﬁé HoR 6.0 'ﬁﬁ\‘ri‘%&'ﬂ%ﬂglo Hok %£a°tno¢]1Q Cﬂ/lg”%aﬂ"% EFevserﬁtnﬁ‘ aol .

gl'ycero ous so ut1ons emul si r suspensi ons,
i ncl udivirgl foamuheonagd Myl f mrae@nmdraaonvmigmg foomdn aylieos nddr 0.5 enMits 4
sition is adm nlst red

preferr when t he_phar naceut j
i ntrav gy ﬁml\@aqﬁﬁg\?ésgu 9@80%@ tsexapigntsgreseahin the Yoyl sol uti ons

can al $ermiRa s LLAEHng el 1t Qarﬁ@rr Eér%essubﬁ)tﬁﬁtﬁdl%@er dDMdRvalcRi @EbARIsElts,
sol utions. The conposition, |f desired, can al so cont ain wetting or

ermul si fsy¢ings, &gentmplel sdiiung aﬁNa 9, htgiundélnt)s potessairh (§nt snd dromesivan™sHs )

t hg ckeners, .fl ayor i ng agents, preservatives,
containing sa

A further excipient for use in the non-viral compositions described herein can include, for
example, a surfactant. A surfactant refers to a substance having, in combination, a hydrophilic
moiety and a hydrophobic moiety. As used herein, surfactants include, for example, detergents.
Suitable surfactants for use in the non-viral compositions described herein include ionic and non-
30 ionic surfactants. In some examples, polysorbate 80 is optionally included as the non-ionic

surfactant in the non-viral compositions. One or more surfactants can be present in the non-viral

compositions, optionally in an amount of less than 1% by weight based on the weight of the
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150r pH buffers. pH buffers can be included to control the pH of the
non-viral conposition and thus, the viral fornulation. In sone exanples,

t he buf f ewoi2812016376ded to maintain the pH of the viral fPormshatiosswsbet ween
5 and 8.5. For exanple, the buffer can be included to nmaintain the pH of
the viral formnulation between 6.8 and 8.0 or between 7.0 and 7.8 (e.g.,
7.4). E Sy [ f i pel Qs
Phosphar e B aredoRr e (R Rle, MLy E RIRT PIERTIRA T LA 05
phosphabmpbsifibem araaetwt ef ks then §,5%b by reaghe 1bnsfthar & | Yodivt waight, bulessethan

| act at ers, | ea ffers, .and tartrate buffers. Buffered carriers

li ke n(%lsd}"gy?cﬂ@ﬁn?%%: 6'&#%&@?“@@@%1 uti on, dextrose solution, 5% human serum
al bumi n, R @ffondllFeNd AdS Giral ¢82HbAEEn M /ot piphmi el el emulaBéidreéd Ringer's
and fixed oil's, polyethylene glycol, polyvinyl pyrrolidone, or lecithin can
be5 usedubsianiely hizaof earbereylatas. e xramdeseah qaéqoxvl)étﬁsemqi@dﬁ wecingtadng cyatane

sol utions 296an 339, e HAEHASr B APLE UL TS SorlbRESOTRRAR] nogaqHFouUS
vehi cl es suc% as T xedors may al’'so be used as carriers. UrtRer gxangl es
of sui tt@ldrer £airalifemsul@ic ideladss bpdifiod vifdemmngiion ssrofoamistidaist irpMgScisances”
by EE W Martin. The formnul ation_should suit the node of adm nistration.

Al t er n&lepaybreg abeyee thediwonwijah Forapaiing, prieitodpenhalizsting cap durghee insludst(Ees i a

l'i quid i : - | LS d i i . As
usad néaaioh el iR AUIER oG ek Ryl nGRMIRL COMESRAM, Mt Bkl 22
f ound icontchentiorcof the kezacoimdhe liguid npe-viyal cdni@stt@inlcan balwe thad % bywaigis and

the culture di um, . 2012/ 075376PCT/ US2011/ 063037 Lyophi |l | zati on
can be PR ey HBXE«%’@H}%Z e raiﬁam@a%ﬁl r cAAMRIGoM CPRCPHRI S The
I'yophi I Z@fth ChnH-306 85d #RRoRENRE:SPEMRMdiACLan®E Rk EproYic R ofhbindphi i zer.

Lyophi 1 zing can invol ve freezing and subsequently drying the liquid viral
f or mat iconcen@ptivoronad %oy Optiendliyo diei sortdmi cambé presdny esa eonsemtcation of deslthag 38t age,

freezi st a and.pripary dryin nd second 5dryi ng st age. . The product
T oadderd SitBe PP bR aonae P SHERy ok sRamitlsy Bt 4R peafes i S

t esper atdahEent@tifPbhlesd Bhn 2,995, 8csd EhMAI MBNERsHHARADL 1708) IesE Riganf T €22 IcBOtheh 250,

i nvol ved the shel ves bein (ihl lled to a target set point at a controlled

rate (@sathan 2rHs, bﬁ%m@2-3§’/s praithanad. Hedlcas thama. 10r.dessithan Todges ther 1.8%, less
pre- detem Reci ARt Af (TR0 | R NS, [6G2ndeSUER 1 ke 1L B4h § 20, ndls
ornul at1on can bé cool ed,” for an appropriate period o inme, to'a

t enper ahdi B29:0Wes thuhan %), o 1dse thlf 106 NMThe fortmetiod ich@hlsd afcideatiodrionic

Opt i onal Ify, the liquid viral formulation can beocool ed to_a tenperature of
-50 C orrfpgiadr suchgs golysorhyts §f1 wsn anpaint fegs than 0ilPaby pstahtiphihe diquiddipnparal

cgpl ed . S Ao/ e 1 EVING P i :

co8 ca PpoglpB RS BTych SFarnchithe RERTRA feont iRl ol TRl ANEBA P

| ess, DHehlobstantaily fies of mbnbealers catiorie sAts, Zn’houdéororehhless, 2 hours or less, 1

hour or less, or 30. m nut or |ess. tionally, .the ophi li zati on. process
can i ncl ude AneThes SRARLY Vi TarematgRdnglT ésm@lrﬁjwézf >ona b aim{iRapooiions

var med i Qu@ng STREIAMP € 2Rl a Abn P& 0 WirATRIne NPridQORRS Al IWaBon 8RG0hAEMAI COO! ed
again to forma frozen viral fornulation. In sone exanples, the annealing

st ep i somppsipen far fuetticr iMbledé pbgew cairre thiiofomming 4 bquid apntvirelhcapepoditioad under
r ce ressure.(e.g., by.applyi a va to formthe ophilized viral
& mat dk et ook R Rt S Phangfon S st Sho ager g
(e.g., tKOwtiam &idhe GaidRenapal é@bpds@iod0tdRiochhIOZ 80creld idlprdsefitTh habh &tratldre

dryi nga)tsfée ca}g bzgf)%f or gn:ggl{ arfjlpa %%)rrpelr atgréqeﬁ) aé, belyg)%/)v, gpr ta)lbozile %ggi ent
t enper g0 OF§BS, EXAPHFES,; S PHeodess Ftley. carr YeCHepoOr RELFSHPASE LB rature
of 40 C | 85S,1: 3 or. l.e . r 0 ar. £ 0 r..l ess.
Opt 1 ondl T R e PGB Fme SR Pl s M ainilird E5Bnefioranditine one

or nor eibfbirinu@kiah csh yé Psahefs Réc @ doanperodt polgoldtand baiboxylates (above
anbient tenperature to renove residual water. For exanple, the 25additional
dPYi ng Sus@Rec pachciateher f ormed at a tenperature ranging from-10 Cto 50 C

(e.g., Also described herein are methods of making the lyophilized viral formulations. The

methods include providing a virus (e.g., a purified virus), combining the virus with a non-viral
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fromO Cto 40 C, from10 Cto 30 C, or from20 Cto 25 C). Furthernore,
the Iyophilized viral formulation can be dried in the presence of an inert
gas (e.g.wonntwgER) or a conbination of inert gasses. FPoT/uSz@ampb®37t he

| yophi li zati on vessel and/or the viral storage container can be purged with
an inert gas and capped to avoid exposure of the viral formation to the
air. ThempOLoR ickidalny L abichRiifH ighidWhrri@hd RimPNq Rl VIR BriliMifd o5k °PS.
can have nol sture content of, for exanple, less t % In some

exanpl égqphilivengribic diqurdevicd fareniatiof. fin sorhy @Fﬂmmle:sz edulmbﬂeadtmoum)of virus is

2012/ 07537 CT/ USZOll/O tion is lLess than 1 l.ess 10%

Fose RIS OIEGETS haeLA0fHBSY T ReEER ha 0o X b0e STRLIHARES | obs

t han 0p‘éfl/mﬂg[ltelr@ep/rﬁ]tbad}1Q1uﬂef/@amer The | yophilized vi raI for nmul at i ons

descri bed herein can be used to preserve and stabilize a virus for a period
of Stime, i ncluitabladiquid:carirysicat berayeoerringt iU FINS cesret:n@pl@amm afispigeble

Erpefgr ﬁls%gléla{é\goﬁl%%l %%rs(mclugg p%)o%%f%ie y'cg éoldet%% e'ng % a1t1 Qllsf %ﬂ]ch?c? Iﬁ%h]t%rﬁee gf fS|O§(

nont hs peftbREmIBAIHAS ve@dtalleol yﬁnmratdﬂ@n widhhgpeah@ilNgybbandil,iniheat oV, ty.

The Iyophilized viral formulations described herein are stable at about

anbi entseyaBipik ative eil.and thalike Priganic cpigesrsagh ancthylmpate e afjo sudahle paRur es

| over t] 4 re

R S R T L S S

stior ed enmuldibwe, vt mperfsmnsruheiudmg salate dndrpéfeaidunala. bWamNoaaﬂna@rebm enperiat ur e

W t hout sj | oss of fect|v1ty or lm"run n|C|ty
exanpl d¥&cte FFaeW}“ E*ﬁ DPRFRAECYHGALFOTRRSHATAS AGHLSFTET LB ERP 1Y t%‘ﬁa% solpionss of
9 C angpl Qu&loys ﬁeﬁrose gn&:%@@gro OMtions %aIGal%lge Eﬁﬁmed Bs ﬂ:%lﬁﬂ Qatlrféi’ﬁfaartléulgrlﬁnd

| ower, 4 C and | ower, | ower, C and | ower.
exanpl dor mjwtabtemoag@ns eﬁb@@(&npcrsetlomatf deamgie cdnr dso ot ovelts§ € efmilyfying) C)

0SB LG, Pt el R AR08 B Sl S SR

b Nt aigh ?Flgodffe'@' pH BEEEE e by included to ddd@rol SRRIM bf the o viral conoliibatah@ns are
stable, for exanple, at a tenperature at about anbient tenperature for a

per i od tiyfs, therviral torgiulatign. respste Greplsythe bluffestsmcl@d@éirfp imeagntaintibe podthe
formul %tlﬂa[)ﬁ%mafaﬁoﬁ%g@vle% ganﬁi1 8t5e rﬁ‘)o? ngrl% t%e bu éan%ecf‘ cqudedQ[V\%"tl ntgln tﬁé heaSt
20l 1i‘llvermnahs,a P

t hree non east four IR east
Si X nonffhig, viaill fdrﬁﬁ%ﬁoﬁ@é%em sl 8.abr bﬁa&én mogalﬂti 7@@@87 4)atExlaﬁq.)$ds dfi ne
nont hs, at |east ten nonths, at | east el even nonth at | east

mont hs Sugble Biers inglydeabasthgin idtersayuch aaghosphiie tbéﬁﬁre%ﬁlﬂrﬁs@%ﬁ qmga%f)l 0.1
Fift ee%%ﬁ&@&%ﬂaﬁ% o (%aﬁtoph% a;g%a %Q@te @(Hférse%%ﬁzo% Vtﬁﬁfe?se@ R o, AL
ght een nont hs anmount o

Ieast el tinme dgreater an”three m)nth)
Addi t i daadtt puffescmalbad bhfewi arnchtlaﬂraltﬁelmkffmls Bﬁffmépmuemglhm}i{emﬂqs'ﬁ ssloub@t | ons

with | Qw 25] evel.s o arti uJat ating viral

For mul s Sotian s Ratsofiiohude %‘F@gé? b DRBI T Ao scind
descri Q@@uﬁ%@éﬂh@&@ta&é&%nké&%&'ﬂh|ﬂx%bl 3fs th%reﬁBz'iéHé' A doPholyR i/ PRAbBdGC, or

| yophilized viral formulatron. The viral fornul ations prepared according to

t hese retithodsani h@alsa@eMoomﬁthmn@,mln@fdlgaanqlmuinaxtecsmethatnmeeattdrglsmsmcﬂaﬁmrs for
admnistration b ar te usi on or Jnjection SO t he
avel's o S B et B Eb e nbiRstBenig BafEininechi9et SR g Tmer pimey
obscur aldo®e usad hd Earer§ ORHthdr@SAmpIRE bPSuitabR ok O56 AR EibRA it ‘I‘ICérﬁ‘mg@H@t t est
according to USP <788>, which is incorporated hereinin its entirety.

Opt i onaPlhagmaOteWecaJ/S@lancqs Pyl 3. iN#rsine dip forguil4tioneshould anit 1c000dqefr ti cl es

havi ng aﬂnﬁrﬁgtﬁtl%lne size of 10 mcrons or greater per container. -13-

Alternatively, the non-viral composition containing the excipients in a liquid carrier can
30 be added to a culture of cells infected with virus. As used herein, a culture of cells refers to a
population of cultured cells as found in their culture conditions (e.g., the cells infected with virus

and the culture medium).
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WO 2012/ 075376PCT/ US2011/ 063037 For exanple, the viral fornulations can
conprise fewer than 5,000 particles, fewer than 4,000 particles, fewer than
3,000 parwpcbhesn7sizewer than 2,000 particles, fewer thanPCTABR01PAGIBTI es,
fewer than 900 particles, fewer than 800 particles, fewer than 700
particles, fewer than 600 particles, fewer than 500 particles, fewer than
400 particl t [ : r { —olg
fever than 1007 Bor T g s e B apd PRI R SRI LT farf

Opt i ondlheyyorthilgzatipm afoctssraan batpedorsnaclo fpprekseplcewseng 4 haphbigér. daophdizeng daavi ng

a parti.cle sjize.of 25 mcro r.gr er. (e. fewer . than 500 particl es,
Fenor -ty 67 it B R bR 0¢ Wi Pk QiR Soo

parti cligsphif-MBh idvbARs & Proddf foh&ihg Stagt, 8VREinkRARe 2Rd ?aﬁﬁaiaﬁd@ﬁlﬁ 48 sé@ngiryt han
10 particles of 25 mcrons or greater per container). 10Further provided

hef ei n dayiag plaae. mileeprodectiis lwedgsoigta the hephHizkueidige sdvdsyaopstit ke @ tadzadi r al

formul ations. The herei n_provided .c osi t4,0 can be admnni;stered in vitro
oy T BB Mot E! Lo R SRITRRR 8RR R sOEe BT Ie ek

| yophi lbeigtthiliedab aftapeaseapdions acantrdleedreeqPGihk ) Ut roductissagihiined adthe
suspendi ng the |yophilized viral fornulation in a_nmediumprior to comnbining
wi t h a fsRanmateatocanrryckenssd apoanicaiitimern the Frernmeenthcauiy vialcept abl e
carrier ; , N : ; G S a
Coh of domAnb3Bbl, b ETkaRGuisl pliad UG TRIERI FruleIBle Ol B3E 6

t he | ydptm b ifipech viraldbrnfudation. adpt@naliynhdiqiid virhlefofroulaiad canaid @bsd teaf t  or

hard gel atin ca , _suspensions, enulsions, .sol utions, .syrups, aeraqsols
(ina |t?ranﬁraturﬁe<§ﬁs -3%%,5 ORI R peEe PH P Biediais] m#éﬂl@ﬁﬁq %ﬁ%ﬂcy&e@ﬁ@

I 'yophi lipzgdrsdridds. FoF Blhdid SRSyitdl Sordti1RI &n bQcobiRf Wi Phburd & IERESE Rours or
exanpl es, the Iyophilized viral fornulations prepared 20according to the

met hoddesdes bourk edlche 6dionrscaiedseS haoo nsiess, Ythodrsaardessud hinas odleksy 2dabursas

appr opr,i at for .infusjion. For exanple he, non- regating viral

P o hboway foss o ShaRinssar B5 rBp el e et A G PR it BEbI Ban be
r e¢onstahhetling sepdviicdh@n HRCREWRH virdl RemViafigh isfwirMedad b erepeanrddf os bélbabl e for
parenteral infusion or injection. A pharmaceutical conposition additionally

can i neambiRnt tepipassure, mdiheaeoaad agaimid fosmiarftpzes agenosmelaton. ok seaec,
e B2 gL NP b Bibicd o e FORSim Gt A A

a
suspendi Ry’ age gents such as ne a

propy! hinmdeaxsiuded pzaaire$¢.g S BRepEninge vageurhsto fanal tHd Iqyshiliag vage fdrflation.
Phar maceuti cal conpositions can be fornmul ated to provide quick, sustained,
or del &REWNAY.aa@euyn Prasaur Fnging fiem 28del 8P wn He (¢-gophium Badcap hegpplied to

fgg mul afd RB'ze%th%L MM MoR! TRE H%eé)%ﬂ? ol I%Yﬂe?ﬂm%&’g@éjééh%%ra@ﬂg\eé‘f} bhidwk Bﬁ art.

In addition to the representativ ornmul-ations describe ow, Ot her
sui t ablabofoambikatteapsrafune. Beexampk, thieairymag stiepice@be paigporidtat @ renggematbe dfound

i Rem t . Th i P t] f Ph 21t d. . David B.
e T R b 0P IS BBl NS By o O

2012/ Olﬁﬁﬁﬁ/@?&%ﬁﬁﬁéﬁ 8dn be furthel-drftdlifl oh b HoRL Ad&i{i‘tﬁon‘aﬂiﬁﬁdﬂﬁ%ﬁd%at he

| yophi |1 Zed viral formulations (e.g., reconstituted |yop i Zed viral
f or mul a¢ripasturd @y badew) oradbninambicat empemmturé tr reimojve ctsiconal weteer Bod oxaimpls, thite

agueous sol Ul pns, sui Lably, [} avor ed, syrups, aguequs or Pl SYFRENS)ONS,
from 0 °C to 40 °C, from 10 °C to 30 °C, or from 20 °C to 25 °C). Furthermore, the lyophilized
viral formulation can be dried in the presence of an inert gas (e.g., nitrogen) or a combination of
inert gasses. For example, the lyophilization vessel and/or the viral storage container can be
purged with an inert gas and capped to avoid exposure of the viral formation to the air. The
30 lyophilized viral formulation, after one or more drying steps, can have a moisture content of, for

example, less than 20%. In some examples, the moisture content of the lyophilized viral
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edi ble oils such as corn oil, cottonseed oil, sesane oil, coconut oil, or
peanut oil, as well as 5elixirs and sim | ar pharmaceutical vehicles.

Anot her fwormi2at763y6 that is optionally enployed in the merhusds 106308he
present disclosure includes transdernal delivery devices (e.g., patches).
Such transdermal delivery can be used to provide continuous or

di scontrhiRhitord SIS HRA 135, 4618 i 1689, ASMACH.! Bl ANORN b 39, Y Blan
formul ati ons as described herein. The construction and use of tFansder mal
patche§9ﬁdmmnh@1Hﬁd@kﬂhe&QS%&opha$ﬁanUW£cal agents is well known in the

t. S le 3,252, S at ch
const ruct ed 1 IR ALTorBa by e A B Dlerg oty Hebifze
Vi r useSyvirus for a dlbéhomﬁ* 0 UicHRIE BRI stokd)R PeVio@l Fdr%ﬁﬁn{ﬂerﬁﬂe vir§ préhadeion

is administered in a manner so that the virus can ultinmately contact the

t af get agedriling t¢ ge fe‘m#pﬂl@ls deyesibedibersin ¢an berséored faraplig ti vk im@hthts Hegvional
Formul gl Ofhel\s efédm %8& " §ikeds n%ﬂsdslxon ey n%CaBI'uR 2w d8L Inof Lwe[h&{tpe of
thetarg%’t AR evarle of “a8ti AT SRR PO IV EE” I9R

For vaqwlﬁgeslraltlﬂﬁecmifyug}@ayomlz@dmmal B)ﬁ’lﬁhﬁdoﬁy@dsem)dd&iekdn atemterbaa@trdnsahﬂ Y, or
subcut aneogusly, so as to target anti gen@gresentl ng cells, so as to elicit

an i mmaAiens sgenrsaurere eycrhihi iacippyed SEWIlgh e empREtYTaY lgasier thanghowiccessi bl e
solid t at{bdnt tﬁgﬁéééwealAsflﬁreM&%ﬁf ALkl e%e&% '?éf% sef{) gq?lﬁ%er%nﬂ € JV

dlrectly to unor or |ntrévenous I ona ormu ?IOH IS
sud t ablaboiitoll) WCeaareboit 24 1@ nV;msers fcah be atdmdnn shicratal cﬁasrmﬁajfon& ahtemptapoeet i C

t unor, the vir for Iat be. reconstituted and
adni ni ?Fg)ﬁ”é &E{")“rtﬁ%ﬁr&%? V’“gPutl SEH Qf"é‘% Ell“gecnlfﬁ}’ Of IRRIPROSCAIGHY aﬂbsor’i’&ﬁ
easi |y 266688 Ith %o}%ﬁh%d’vﬁaﬁ%ﬁﬁﬁé(ﬂon% léi:ékt@r%d ﬁ?ﬁeﬁ%@@ﬁﬁés oftdrec th Rlwer (.

formul ati on can Bbe adm nistered in a nmanner such that 1t can be tran%ported
system°€aalnldyowm 6ﬂ@mnﬂheN¢1069C@hdﬂ¢mrn&ﬁ€rahd &rvebrt heC emqllozb@tr,e?a%fhamd]bv&teurﬁ)r
(e.qg., ntr venous tramuscul ar|l Al ter atlv t he vi

o ot SRR Lo B TG s SoREE Ftebfubionh Mrghsiom arGre ¢
then i g O@a(rerg &ﬂ"@)y Sliu@tll’ibﬁﬂ{d op MG ral RS R NS Ban i ﬁ&%@%ﬁ&mp%ﬁ'ﬁur&@ﬁ&b\ﬂe or
oncol ytic therap the vira ormul ation can al so be adm ni stered

subcut dnéogethyas, %/mitemrpelm £28n€airfiom rGOc atonél aCt vh(lén@mtalflmg vilehinfectiyiinr ) |
topically ( &l IY%phE)hzeg%lr%Ppo%Qﬂa 18ns ar a ag%ec ) exa I))le Oa{t% ter(ﬁg?r?ﬁl?ﬁ? 5}%%8%

cancer) rectal or co orec ncer

cer Vi cambint Vagpcr@liredfang péniod ofaiad (eyg., Yedshbrad daly). o s‘bﬁfeaakaﬁlﬁ)ldgytha@fralsm
formulation (e.g., for lung cancer% WO 2012/ 075376PCT/ US2011/ 063037
Opt i onafpwlatﬂ% ayg yahle plor mesfa.ﬂaﬁo aboyd i hi W@y erdor efrleash thaersmenthy (@2-s#ibj ect

2y | €3t OREP B SNc T SUPHERUL G QUBHOK e, SB 0, CORRARNL itESlaNse T Or

perio or vaccine admnistration, ri me and-one or
m)r e baostthgdnlicadt airrcahorahs atleestnac@esths,yat leﬁhmevehhmom]nsr ai leim ltm:livamooﬂls; S
admi ni st for ex to a subject in an har macol ogi ca accept abl e
5sol ut iabf?aﬁtéhﬁteen W“&ﬁt%@?ﬁéﬁ@ﬁ?%@?@%ﬁ gﬁaﬁﬁft%ﬂ R U%?Sté NAUERS od
of i Mgyt Rt SBYQREBNIH&NE, Yt leﬁé%relg%e%ﬁ%&rthst Bﬁaﬁﬂrﬁéﬂrﬁ& Bhc TRt eh A0l stered
systemcally by injection (e.g., IMor subcutaneously) or taken orally

dai | y amortlsas ﬁddnmal@edesciaqu lmreladm mithbdy efthrbparingfvire tmmiukatiansrarthéow t hat

£ ACNENE N DA AN R NPT R SR

peri od p@épahhg‘ﬂae JiRe fReul AdnQk dbdofBed Berefnind then lyophilizing the formulation to
prepare a lyophilized viral formulation. The viral formulations prepared according to these
methods include low levels of particulates and are thus suitable for administration by parenteral
infusion or injection. In some examples, the levels of particulates in the methods are determined

30 using the light obscuration particle count test and/or the microscopic particle count test according

to USP <788>, which is incorporated herein in its entirety. Optionally, the viral formulations

comprise fewer than 6,000 particles having a particle size of 10 microns or greater per container.
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10exanple, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, or 24 hours, or any tine
between 1 and 24 hours, inclusive, or nore. Optionally, the period of tine
is 5, 15,wB0128053780, 120, 150 or 180 mi nutes, or any tipeE/Useamwe’lnsd and
180 minutes, inclusive, or nore. Thus, for exanple, the viral fornmulation
is adm nistered by infusion for 60 m nutes. Adm nistrations can be repeated
dai |y T c2ample, the vRal Brmdlatihs cAn cd@pridéfewllihak 8,088 articRls, A%y HagREj000f
days between and 28 days, 1b5inclusive, or |onger. Optional Iy, the
vi ral fpertildsafewenthan Sl W00gmrtantesatjwey dnn 2@ ¥pansdes, fovalthani t,0¢(hparnohandewer

r esponse. j uvant s .i ncl ud for.exappl e,, al.umn salts, m al _oil,

par £ 1 c v 48 Pl sy oG oS EishE gt E e g0 prekles:
for nul gty @nBaS0Fpar6E10S Ty QR F0CMIASs, R hat 08 rtidled fovdiypitt2ophat i s
20sufficient (i.e., an effective anount) to treat a proliferative disorder
or3to ehiteles, anfevanibae 1P@ppoinke of M) probing ergicatotepadicepider. Pptianabiztthel vikklen
adm ni sy ration of the Liquid vi.hus.fornul.atiaon.t roliferating cells

a1 t ect 07k e ZombiSe el 0D el ey Pl gt e R Q04 SR g SR
reduct i(eg., ifdwdrhean 8000 Rkt OEs, Sl 400, papicds, feaveathian® 00 @latticlcsafch@dtiahi200 i n
the size of a neoplasm and/or _a reduction in or_elimnation of Sérrptoms
(e.g., DeHictes feaenHiantlOf paftickest lswepihgnisp dagiclasgordicwsr tan 10 pattislos 9845 her ei n,
the tery i east 10% of the proliferating cells are |ysed
(e.0., %%ggg%&gﬁgmﬁ%ﬁ{e 0% 40% 50% or 75%of the cells are |ysed).
The per cent dwethef proyisled heaim dve phlatracedticeld;onipositiexaimelueingxic pbilizedgirtlhe
reduction in.the iﬁg@of a egpl asm.or in Lhe nunber of proliferating cells
in a maRTTRai ge SRR Y FRMBIRIANS BF DF gepmitered &1 vigoioR 1P i te. g.
froma pﬁ&hﬂx@a%%ut?d‘all& Ia&co?{a%lé &ehat 'O}Eioﬁ@l‘l;l, e ly_gplﬁ‘ﬁze_%f Vit FrMRIATRYRI, @f the
viral forrmulation"w |l be determned on an”individual basis and may be
based, retonbtetatd biyrdipahving @rsuspeadparthé byobbilized vive fossdation ihhenadivralprior to

formul ation;. the, individual's size e, .gender: the | of the treatnent
R L s R W A R
2042/ 0¢asBORGJ1id/S2R1L 4100 3P Bcfuil niatdrial @iat L4ALAES & QSO S@) ticraftmbdiB@mSoZ Bicand

ot her characteristics of’. the abnormally proliferating target cells. The
viral dondeired airabierinnlatie  Vhysatheflpophilizedivaiel amubidiopeasbe wdhefordeefer i ni ng
t he nu [..of .pl rm.n ni_t PEV) | I J d says. .For

exarpl oA AR L Belvore) o S EB0E St B2 Ron TH

appr oxilig@idemydid®, dnd skbilinRfctdbtd sodutionk USpeedl B, thedydphilézediviral formulations

formul ation are used, depending on the type, size, and nunber of
prol i f éFasiitahleder méusign. Jadhnsasmmples sislyophtligedoyira Qrmpiationd fepaiedn be, f or

e I ' kg, body wei ght
R T R TR e v it
For exapptopriatchfor éffigon.i Fer exaoipid, thef nonkeggvdgrahg ioal fotnatlatioms ddvinpiletar ed

daily can be. 1 x 1010 PFU and.the viral forpul atiqn can be adm nistered
over fﬁ?/Vé’lso“afﬁ“E%‘ilart%gsaéldFS‘i‘ﬁ’eg hergin¢an 5P ers Y a&ﬁ&ﬁﬁecwt@t vigid 0.

Opt i onghinyulat I8 cHh B@kui@a%[kcf%‘f'f%&@ﬁtiefh'l‘iﬂfﬁ‘si&h@r Mide@bn fOormul ation can be
measured by determ ning the I

0% tissue culture infective dose (TCl D50),

whi ch is the\ pimymatcuticaldomywsitiogaildigdnally qanaceds, vithputdpattdtion, bibfiedting n 50%
of _cells infe teg 1with t he virust. Ig sone. e _ar‘rg{.esél the ra ifo. bet ween

T&F D50 “RAYS B0 34818 mpagnpRimay s 478 RGTEHhY o AR A8 A FMEBHMNE o f or
treati RgsRnAMPBBeMS; iRReRrRiPhddherath ¥emdihstase BRI EyoBBnabAL; swedtedil@ t O
about 151 x 1%?% TCIIJE')SO pegr) gcIay. The effzct‘i.vge?r%’olgﬁt of the viral 8

f or mul #Epws awddlayerizgisgontss tbhperaceyieral goppesitiansgan by fasmutas¢dtornsavide qlekei n
as a Cyﬁét%ngé* o%‘él'fa?e&%? LB i3 %ﬂgs inkRlde & KAMR ZnilEd gﬁgrf QA8 Sert T €€
days, four ddys, fTve days. Srx days, ceven days, ‘i ght days. nine days, or
ten daygmivibedstendy @eileying prodedidrey edwraiimabidirt. 0fn dddétion to ahe fepreedtativeon can
be adm nistered daily. For exanple, 3 x 1010 TCl D5Q per day can_ be

adfri ni de@ndefion desaribyd belays other yuitebleformulatiqnsiar usgip g pharmaccutical

composition can be found in Remington: The Science and Practice of Pharmacy (21th ed.) ed.

David B. Troy, Lippincott Williams & Wilkins, 2005.
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20of 1.5 x 1011 TCI D50 per cycle. Optionally, the effective anmount is about
3 x 1010 TCI D50 per day. Optionally, the viral fornulation is adm nistered
as a one Wouwp1zais3zavenous i nf usi on. Opt i mal dosagesTafS2athme3nsdT al
formul ati ons depend on a variety of factors. The exact anmount required wl|
vary from subject to subject, depending on the species, age, weight and
general co n(ti%ﬁie @?I%{lu]lét{b%s SRl RGlde tﬁé(;sﬁogﬁ}/iﬁéed %i}/al P rntuigtidds %%%Z f"eicQﬂtﬁQed

treated, the part ar virus 2buse ormul ati on, ts node of

admi ni dyopdilized virthfesmuiations feroiralpolesistratidnoordpeinijdeyiom gerexa bt inaldel aquebos
every fornul ati. wever, an appropri.ate anmount c be det er.m ned by one
o ot cishagmS Ry FIRYRET areaf REUOR 9 rone T R G SR IR Fen t ne
gui dancgiu &iYd He af1&srRiol; cottonsced oil, IREmE dFABR oh@WIESr h&Inut HE .dWEINdsst rati on
of the fornulations are those Iargg enough to 30produce the desired effect

i n5whi chxirhandympeopharapcaubiealdicBisise are affected or |arge enough to elicit

an i nmune re nse. The.d e shoul.d not be.sp | arge, as . to cause adverse
e o oot S PomtifiaRadeeRttlg sRleas 15 he iR N tlpiP QP S AOKRE

Cr 0SS- ligdgdds enasdentlalbdiipby RE1ceS (d.€ agit¢RRS . SuthéradaRagsl detiNelyeandE usdded by
the individual physician in the event of any contraindications

Dos age oM caniguawseoralivephiingosp dusion ehibe gitupichidgd snths dyankilized airrbns
daily, g - y i i | at i be

adri o £pEBRRL9L SERUEFho bRY o RIANh BRFuEJrEani BTN BHETCRT, 12
four, slckyerpiof pharmadases])agehiclis exkhipbwen inthere:. tSee, fadesanipdé, (A8 Raterit Ndoy

i nfusian,. .t infusion can be a single sustained dose or can b elivered
by mul t%,%%{gﬁmsagl? BHSNoS FAB 4F RRAEIARY (PTLONURYQHh RitABRG, o ala@dgm%f égvg%?fr
nont hs or ikt ! di minution of the disease is achieved. Conbinations of the

viral formulations can be admi nistered either conconmtantly (e.g., as 10an
adni xt ure), Isé&pararidbgnsthods,ithelyophideedyiyal ferngilation ia admpasterce in mtmaav@ous

lines into the sane, subj.ect 0 equent i al | e g.,.one of the

For mul 01T G LR Ebhestihe SR B0 for SabBisdis oy s Towe
co#rbi najtiemthie /ird PRAMURLibR fseddniiRisRkddRIpc FRMMAAE IRBlion £ WMl APIME B of Bic
sequential adm nistration of two or nore agents. It is contenplated that
t he prduielesllyi Aavid¢ varmaly af ¢dsmigistraljorbwutesebi he dmployRd.oF prevaceinap the virus

15t her %BIII B2 %ri]st@r%d § hs?%ijltscgl%{, %ﬁyayle{nga[qf-y?grhs%%?%%{neo% gl,?rsgo;a% 'to ?a?r 10§ tnher apy,

and/ or T'mmuno erapy.y ormu i ons be agdm nistered in

conj ungiésenting ¢dils Sdarag es ¥lid ar @mwad re@fonkd) EF 1ePPOIFEOVIrldes ey B tpsavs ged
herewith are nethods for the treatnment of a solid neoplasm conprisjng
sur gi carcssghisealid grmemthe yaghfosauiasing catbs sdminisiaredhy Brcating dipethy to the

B I e
administration. For a hematopoietic tumor, for example, the viral formulation can be
reconstituted and administered intravenously or intravascularly. For tumors that are not easily
accessible within the body, such as metastases, the viral formulation can be administered in a
manner such that it can be transported systemically through the body of the mammal and thereby

25 reach the tumor (e.g., intravenously or intramuscularly). Alternatively, the viral formulation can
be administered directly to a single solid tumor, where it then is carried systemically through the
body to metastases. For vaccine or oncolytic therapy, the viral formulation can also be
administered subcutancously, intraperitoneally, intrathecally (e.g., for brain tumor), topically
(e.g., for melanoma), orally (e.g., for oral or esophageal cancer), rectally (e.g., for colorectal

30 cancer), vaginally (e.g., for cervical or vaginal cancer), nasally, by inhalation spray or by aerosol

formulation (e.g., for lung cancer).
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optionally, admi nistered in conbination with or in addition to known

anti cancer conpounds or chenot herapeutic agents. Chenot herapeutic agents
are conpowodsiviiszh may i nhibit the growth of tunors. Sech/Usg@nts3o37 ncl ude,
but are not limted to, antineoplastic agents such as Acivicin;

Acl ar ubi ci n; Acodazol e Hydrochl oride; Acrine; Adozel esin; Al desl eukin;

25A1 tret am ;o haiag VY ifk f&'ﬁﬁﬁeﬁf@nr@ﬁkﬁnﬁ%@&@& gontﬁﬁbWt)c}E}‘% f'tfbﬂéc%ﬂ%ast once

Ansacrine; A ast rozol e; Anthranycin; Asparagi nase; Azaci ti di ne;
Azet epager @bambrom/toltlnmuﬁmm thestamton cBemonI@p@ysBioc abpetiahofdtene. Bfsrantciene

Hydr ochl,or i de Bi snafjde Di rrES\éI ate; Bi zt()al eﬁ 41 Bl eo CI n_Sul fateEh h
Br equi AAPIEEE e YRIRY AiPHTend SRS of FRRe DReSELI BRI #aPersERFHnEhus, the

Car aceRjidEforfalabih i WRIminSRY QD Pdr%txhﬁiplecﬁ)r anwbyécﬂﬁl angqjhuﬁhacdo[bgmﬂwewp@dbwe
Car zel esin; 30Cedefingol; Chloranmbucil; G rolenycin, Gs splatin; C adribine;

O § snatselutie sygabei mtl@y@nqblp ladephsiritige or Qfuserlsiveea peaskofiine ereintermittently.
Dact | n%%‘r’%' a%%eDatHQ JI‘HI% f\l/bm reoa%rrlrlnfn_)irs{ered S eﬁll_lé b'bg/ﬁfé]%c%on d’e%q&\flt L N,

Dezaguani ne; azl one,

2012/ Oéﬁmﬁd@%k&eﬁ%ﬂﬁﬁddﬂ@mmm dticB pemypéﬂm!nﬁhﬂgtekmmﬁlswﬂ ide;
Drol oxi fene; Drol oxifene Citrate; Dronostanol one Propionate; Duazonycin;

Edat r exBan@cr thal isplisin the daylydshireryinta dac Esuans l?lp%ﬁtfﬁaﬂEPﬁ taﬁ Py ?% “ﬁwprtmt e;
Epi pr opjid] R)gmu Ebﬁ WOl i Biste R wrh%#ﬁl (f‘%ﬂ é Béﬁ&% tEé gl i e 1Fs [ubicin

Hydr ochl ori st ranust 1 ne; osp ate t ani zoI e;
Etidi OdleZ&idpl@ 1,2, 354,31 p, Et&)ﬁpb@ de; oﬂa4ohmms @eaﬁhﬂmpfbatvée,enEEtaannnmmsFadr ozol e

Hydr ochl qri.de; Fazar bi. ne nreti Fl oxurj di F rabl Phosphat e;
5- Fl uor%ﬁv%‘éq or Mef Gy eﬁlq%ﬂmge p?ﬂfb%&fd ;> fs?ys?tq’ ?@ﬁ%l%ﬁﬁ% CLRYSD] e
Cenci t %P'aﬂﬁfnhbé%fe%ééh%rdnﬁ%o gﬁlhﬁ‘teé‘qnélg§ve 'dyg{o(i’é(y?ﬁlﬁafor eg%ﬂl@' fak Riral

Hydrochl oride; Ifosfamde; |l nofosine; I'nterferon Interferon
Al fa-2 tfprrmdatmnf ie pdmind$térad |sz mfhsme tfdreﬁﬂcmmAtdsaAtdmmllsmtmnfs eam)he Betated taily

Acet at 89 Lot Fordt & S Ladr i Pt Areny BREPati B parahr a7d 2898 omet  exol

Sogli ummd;mbu& ek-osoxantrone Hydrochl ori de Masopr ocol ; Mayt ansi ne;
Mechl or et hami ne drochl oride; Megestrol Acetate; Mel engest rol Acetate,

Mel phal an; l@m@ga ¥, lthe W@léqptwb@pwmmféudwwdlwe&w@nWédmlm@watl@nsm| um
Met oprin d C oy c togillin;

M t omal'¢| bnseMAf aglgsﬁihghﬂd§§ﬂhd€fxn}n % aMl{ﬁEﬁ T?asgllés hm’\%rélgoal% p%lr?ieﬂaMlﬁs/l t oxantrone
Hydr ochip@pmgl@ccllidtm@plseptﬁims; afCthd;likbocodazol e; Nogal amyci n; O mapl ati n;

xi suran; Paclitaxel; Pegaspargase Pel i onyci n; Pentamustine; Peplonycin
Sul f ate; PerTfh6§’11r&H06@u PR divriged ﬂ:f:ﬁ%s%ﬂnfbgrﬁ nwinusf@%‘émﬂraaﬁ@omuh@dm ori de;

e

Pyr azofresponse. R bmﬂmfe:ra‘eve dedrdgl ie tricaticd eshebadmiyadtratiSabi ﬁ@diqu@dmdbfrmulamtm

Sermust Iton %r011§ergtti£gage Is affectg ?Jsflso(se?gt eongglgillm rgf the affected cells, resulting in a reduction in
the number of abnormally, proliferating cells, a reduction in the size of a neoplasm, and/or a
reduction in or elimination of symptoms (e.g., pain) associated with the proliferating disorder.

25 As used herein, the term oncolysis means at least 10% of the proliferating cells are lysed (e.g., at
least about 20%, 30%, 40%, 50%, or 75% of the cells are lysed). The percentage of lysis can be
determined, for example, by measuring the reduction in the size of a neoplasm or in the number
of proliferating cells in a mammal, or by measuring the amount of lysis of cells in vitro (e.g.,
from a biopsy of the proliferating cells).

30 An effective amount of the viral formulation will be determined on an individual basis

and may be based, at least in part, on the particular virus used in the viral formulation; the

individual's size, age, gender; the goal of the treatment (e.g., to treat a proliferative disease or to
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Spar sonyci n; Spi roger mani um Hydr ochl ori de; Spiromnustine; Spiroplatin,;
Streptonigrin; Streptozocin; Strontium Chloride Sr 89; Sul of enur;

Tal i sonycw0;20lRAwa31e; Taxoi d; Tecogal an Sodi um Tegaf ur; PTelUsz@EN63RE
Hydrochl ori de; Tenoporfin; Teni poside; Teroxirone; Testol actone;

Thi am prine; Thi oguani ne; Thiotepa; Tiazofurin; Tirapazam ne; Topotecan
25Hydr Qglth Of kiliund R GBISCRARA M d Al ol ShAhABRNRE B fcGbndil iy pr Bl BFiin
Phosphate; Trinmetrexate; Trinmetrexate  ucuronate; Triptorelin; Tubqu%oIe
Hydr ochérgeti atfls. Thavird] chbisnantion idrtbelepd; folapntemt ¢addie vastrep by fdietermining the

Vinbl astine Sulfate:; Vincristli .Sul f at e; ndesi ne; Vi ndesi ne Sul f at.e;
Vi s dubeedt e Torp B TS iBRAR: Bisclitigs, BS: sramali For eaighar &1 bi ne
Tar t r at@madifiOS hidliR@atl dighss, a?@r@_ii%d'téi.y ne* pulofapry o¥RKREOL&taid&Nink dtkdl N;

Zinostatin; Zorubicin 30Hydrochloride. Further exanpl es of
ant i - ndephusatiancare vrsleo derdadingonubietypo-segsi, and mEnbfirtey graditgreiingedlls opggoplasms

5-et hynyl uracsl ; ~ahi.raterone; aclarubicin,. acylf - agde enpl

adoze] QXPHRC aHts sERE AR Ean BOER A Ropl gDt KB T SREEATERR, o ppont
ant agonioStEEU/ak boéy adighe(c. @ iamasbite; PRUVIGOGdyandifings kbait 1aTiRFel/ey bbdyni ¢
acid; anrubicin; atrsacrine; anagrelide; anastrozole; andrographolide;
angi ogerrsts Forexpmplss die chisetavrormant of thairabiormylation agminagtepd daily can be 1

ant hr agy )t PR an g i viP fiflul fiol SaTBE Qﬁ&ﬁ&?ﬁ&%{i Gy R&als thy re@llf fnBndfapoens,
prostatic carcinonm; antiestrogens; antineopl astons; antisense

olli gonucheodnit desuntmdphi th'¢oOptioglllycihnairel compaptatisn $n thendrahfodmation san be
apoptosis regul ators; .apurinic.acid; ara-CDP- DL-PTBA; .argi hi ne deani nase;
ar onat a%eé{wrﬁﬁ 5%%?61:@1;11%%? 3% e il beriee daierﬁgﬁ%?@q),n Tch iy HaamarRely;
axi nastall Redire@td MBAEAL toharlAg BREL 19802 AAREMXinfct AAAY IRSiME; rPameat i n
1l derivatives; bal anol; "batimastat; BCR/ ABL antagoni sts; benzochl ori ns;
benzoylestmpleaghoratiodctvoenad (18ks @ RIAY is/ail i Tbs cffbmiva-asosnhefiibs vipdt acl anyci n
B; betuylinic.acid; bFGF jinhibitor; bi cal ut am de;, bisantrene; . s

b1 saot PATHGHEeF rrstine iy YU2h PisteRRaTe A OR: S b SBRo o b ppabout
br opi rind ng7 TEUDQt ek ame; TIRURiCaNE ABosloff ehel VIt @rnfudtioh Rak bt limikAéBNBSEH N
C, canptothecin derivatives; canarypox |L-2; capecitabine;

car boxarticaed ghtinmg, tefdreeadp eremnassosygann A 6Y¢le gatolcpres Qi R@s exavBple.omrMay oo
cartil age. derived knhibiter: ,carzelesin; ei n. ki nase. . nhi bij | COS) ;
cast andagu ek SRR, kP his, Rle aBRF SSUEN Revefitng et ORRrub Bkt

sul f onaficdean juabpr disferentarBourt 9P tephisal forinutitidd chidboedmiisdired gaiey. @l ogues;
cIotrlnazoIeg col lismycin A colllsgyan B; cogpretastatln A4d; 1

conbr etiapalei Hxdfal o PRIsTaa g PR adimnisiered eveifivegings tagiesw pigagptal amount
crLypto i 1 i . i, vati : j . 10
CEHPLORRYSH 1162 1CTMBLRPRNAL ORI LNESHSHIRAL R B 1 10/ TCIDrper

cyt ol ytdag. Dacowalty, tytvast fitrimnlatidadd adoninateredesc dretdione intdetnods ddusdemni n B,

deslorelin; dexifosfam de;, dexrazoxane; dexverapam.l; diaziqugne;
20di denmi n E)PERY§R3288} et _ WH&#_@HBPW%% 3@@? o _-V%f-%agtﬂﬂoa%ﬁﬁ}e exact
di hydr QX! veq@ired ?ilm&hﬂéub?écpgﬁs%lecé Rbp QAU tRe %g&?aéizgge%?lgﬁi_gﬁ%rﬁﬁ etron;

doxi fl uri di ne; dyo oxifene; drona i nol ; dqocanny0|n en;
econustgeneal edditioosif tle; subpice tiod sswedity of theodisdashbaieg tredtedydimepareenlarafions;

eplL rubi cin; isteride: estra i,ne .anal ogue: estrogen oni sts: estrogen
2t agoried o R Farin filob in R B RS EHIRT dResiEheedP Bt RapeSh &

f azar akikfp@ anfoahf B bWrd €rmiuldtdhasiowdver ah ﬁ?@‘bﬁﬁét@ amolihaape de@hined by one
flezel astine; fluasterone; fludarabine; fluorodaunorunicin hydrochloride;

f or f eniofexdingry skiflgn aiveart prg el cowinefespaimgtiting siyedbr ighidansa mraigdbdri n;
gaIIiUQ%Qﬁﬁrate; gal oci tabi ne; ganirelix; gelatinase inhibitors;
gentitabine; glutathione inhibitors; hepsul fam heregulin; hexanethyl ene

bi sacet am defhcliosapenendch€srapt edminkiypeon 6f the foldansticgiat: thescdargedasuh toi n;

i doxi fene; idramantone; il npfosine; ilomastat; im dazgacrjdones; im quinod,
30 produce the desired effect in which the symptoms of the disease are affected or large enough to

elicit an immune response. The dosage should not be so large as to cause adverse side effects,
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0sat er aR@apieX@ich Rk ahdnioth@%FH NRGERPy, Raflel B8 @horRNR@GH a8d/oPRshitAX&hpy.
derivatives; 20pal auam ne; pal m toylrhizoxin; pamdronic acid, panaxytriol;
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Anthramycin; Asparaginase; Asperlin; Azacmdlne, Azetepa; Azotomycin; Batimastat;
Benzodepa; Bicalutamide; Bisantrene Hydrochloride; Bisnafide Dimesylate; Bizelesin;
Bleomycin Sulfate; Brequinar Sodium; Bropirimine; Busulfan; Cactinomycin; Calusterone;
Caracemide; Carbetimer; Carboplatin; Carmustine; Carubicin Hydrochloride; Carzelesin;

30 Cedefingol; Chlorambucil; Cirolemycin; Cisplatin; Cladribine; Crisnatol Mesylate;

Cyclophosphamide; Cytarabine; Dacarbazine; Dactinomycin; Daunorubicin Hydrochloride;

Decitabine; Dexormaplatin; Dezaguanine; Dezaguanine Mesylate; Diaziquone; Docetaxel;
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Testolactone; Thiamiprine; Thloguamne Thiotepa; Tiazofurin; Tirapazamine; Topotecan

25 Hydrochloride; Toremifene Citrate; Trestolone Acetate; Triciribine Phosphate; Trimetrexate;
Trimetrexate Glucuronate; Triptorelin; Tubulozole Hydrochloride; Uracil Mustard; Uredepa;
Vapreotide; Verteporfin; Vinblastine Sulfate; Vincristine Sulfate; Vindesine; Vindesine Sulfate;
Vinepidine Sulfate; Vinglycinate Sulfate; Vinleurosine Sulfate; Vinorelbine Tartrate;
Vinrosidine Sulfate; Vinzolidine Sulfate; Vorozole; Zeniplatin; Zinostatin; Zorubicin

30 Hydrochloride.

Further examples of anti-neoplastic compounds include 20-epi-1,25 dihydroxyvitamin

D3; 5-ethynyluracil; abiraterone; aclarubicin; acylfulvene; adecypenol; adozelesin; aldesleukin;
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not limted to, neoplasns, which are also referred to as tunors. A neoplasm
can include, but is not limted to, pancreatic cancer, breast cancer, brain
cancer (ewQ.2012¢417536|1 ast oma), |ung cancer, prostate cancecT/usedionensal
cancer, thyroid cancer, renal cancer, adrenal cancer, |iver cancer,
neurof i bromatosis 1, and | eukem a. A neoplasm can be a solid neopl asm
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may be used interchangeahly % refer]to a.su cthﬁt a dlsea
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subj ectpdrphyrin; claddiifd! Gbitferdchindlogidt tlodirh&die; taNisAysinRPuklolifatyichng; are
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her eby Cpmbmﬁpﬁéﬂft@tféﬁ wa@ﬂséattéhwlqgm@mmm@ua;@pamlaeéﬁldmﬁ162§1A9nam¥ber of
aSpeCt SCI'}D% | 03 gy opn,a/ derv%v% f fr Al é cop taltft%r nngst % a ]%la% e or

vari ous er I’Tb en O ara

step l?cyﬁﬁﬁjid’m b@@hraﬁln@aﬁomtepoﬁblyﬂe@amﬂ manytlrgtdbeltx@ba,rc&eitwmat| c or step
herein even if the combination is not explicitly stated._ Accaordingly, other
aspect slehydogidempin Bieslopdipe dgvifosfanide: QGWZOWEQT&BM&HW@WP@ Non- Vi r al

CaTpOs )9y R 420, RO Sy P30 Rl NP 8 Doy

Conposidiphenyllspiromustine; docosanol; dolasetron; doxifluridine; droloxifene; dronabinol,
duocannycin SA; ebselen; ecomustine; edelfosine; edrecolomab; eflornithine; elemene; emitefur;
epirubicin; epristeride; estramustine analogue; estrogen agonists; estrogen antagonists;
ctanidazole; etoposide phosphate; exemestane; fadrozole; fazarabine; fenretinide; filgrastim;

25 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
acid; idarubicin; idoxifene; idramantone; ilmofosine; ilomastat; imidazoacridones; imiquimod;

30 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;
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Conmposition 2 Conponent Anmount Conponent Amount Sugar(s) Mannitol Sorbitol
30 nmg/ nL 20 ng/ nL Sucrose 40 ng/nL Am no Acid Histidine 20 ng/nL NNA N A
Di val ent weatoom7iyel2 (2mv) 2 mM MgCl2 2 M PCT/US2011/063037

lamellarin-N triacetate; lanreotide; leinamycin; lenograstim; lentinan sulfate; leptolstatin;
letrozole; leukemia inhibiting factor; leukocyte alpha interferon;
leuprolide+estrogen+progesterone; leuprorelin; levamisole; LHRH analogs; liarozole; linear
polyamine analogue; lipophilic disaccharide peptide; lipophilic platinum compounds;

5 lissoclinamide 7; lobaplatin; lombricine; lometrexol; lonidamine; losoxantrone; lovastatin;
loxoribine; lurtotecan; lutetium texaphyrin; lysofylline; lytic peptides; maitansine; mannostatin
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;

10 mitomycin analogues; mitonafide; mitotoxin fibroblast growth factor-saporin; mitoxantrone;
mofarotene; molgramostim; monoclonal antibody, human chorionic gonadotrophin;
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;

15 nafarelin; nagrestip; naloxone +pentazocine; napavin; naphterpin; nartograstim; nedaplatin;
nemorubicin; neridronic acid; neutral endopeptidase; nilutamide; nisamycin; nitric oxide
modulators; nitroxide antioxidant; nitrullyn; O6-benzylguanine; octreotide; okicenone;
oligonucleotides; onapristone; ondansetron; ondansetron; oracin; oral cytokine inducer;
ormaplatin; osaterone; oxaliplatin; oxaunomycin; paclitaxel analogues; paclitaxel derivatives;

20 palauamine; palmitoylrhizoxin; pamidronic acid; panaxytriol; panomifene; parabactin;
pazelliptine; pegaspargase; peldesine; pentosan polysulfate sodium; pentostatin; pentrozole;
perflubron; perfosfamide; perillyl alcohol; phenazinomycin; phenylacetate; phosphatase
inhibitors; picibanil; pilocarpine hydrochloride; pirarubicin; piritrexim; placetin A; placetin B;
plasminogen activator inhibitor; platinum complex; platinum compounds; platinum-triamine

25 complex; porfimer sodium; porfiromycin; prednisone; progestational agents; propyl bis-
acridone; prostaglandin J2; proteasome inhibitors; protein A-based immune modulator; protein
kinase C inhibitor; protein kinase C inhibitors, microalgal; protein tyrosine phosphatase
inhibitors; purine nucleoside phosphorylase inhibitors; purpurins; pyrazoloacridine;
pyridoxylated hemoglobin polyoxyethylene conjugate; raf antagonists; raltitrexed; ramosetron;

30 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;
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Surfactant Pol ysorbate 80 0.01% Pol ysorbate 80 0.05% Carrier Phosphate
Buffered Saline (PBS) Phosphate Buffered Saline (PBS) The PBS used

cont ai nedwO.28/arg376L pot assi um chl ori de, 8.00 ng/ nL sodipamiuskéienside7 0. 24
ng/ nL nonobasi ¢ pot assi um phosphate, and 2.71 ng/ nlL di basi c sodi um
phosphat e S5hept ahydrate. Exanple 2: Lyophilized Viral Formnul ation

Prepar ggﬂcgehygol A, sajé%rgﬁ%tfrﬁ’;! Sdi § At iR st AL s HONIE Rl d HAH B AL LGRE Was

pr epar roviding reovirus i n phosphate buffered saline (PBS), further
di | ut i mggomelevitides) senal trdnsdwidion ingnbitorPB&ertad trairdas tronamdditl atoge singletchhinyi r al
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particle titer of 3 x 1010 TCI D50/ mi, and |yophilizi n? the viral
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diluting.the m xture w.t.h nposition 2 to obtain a target total, viral
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f or mul @hta@Bnist; suradisthosury@phsivhingoring syhthétic Flossvunaiogbrans; ealkimustideyt ed
conposition was individually added to a |yophilization vessel and placed on

a shel flampxifan, tagox oy ANTReHIE thgomuses:; B opdRYERCgafHe Virtis

c

Co., IngG; L ner shel e .a.tar t enperature
set poi 2%”%@591 @}g’ntalog%}ﬁaﬁglﬂﬁflg%% t\%\@?%&%i tr?lﬁlg)%%lrgg“get’tt% [1]%1 sgdteérrper ature for
120 20netrachksodctiexidn ipozominenthaliblaetiteh éhalidanldedthicbraine atheondtbopbieti@; per
hour, to -50 C and.the conpasitign was.maintained at -50 C.for three hours.
The coﬁlaf@r@@?msfrm @eilgia‘@gvpﬁﬂf%% RAARONOKER TEBIN ASPYysta thygabdnas: theciBet ween
-75 C %H&uta@ﬂ%h%ﬂﬂoﬁe?ﬁn%ﬁ@'ﬂ@@é uffrRin Yi 'd@atrﬁlﬂe;ttﬁa@oc%ﬁ‘é &%Eloﬁﬁ@ﬁ@wt&aﬂf 60 | am
Hg. The chanbér pressure was controlled by adding 0.2 lamof filtered
anbi enttorsentin; ieremi feac;dbapritent steheclcleatpudianslanen whrtetordy emtin@n nteidcdtpluriddeC

[ erature.for 48.hours. The

over 3Q.m.nutes. 25and wer q‘ii'?d at _this tenpe g
Cenper ARSI ERGAP T RRICH 9N TR B 3V 0Y8S K IO/ 063037
15 tyrphostins; UBC inhibitors; ubenimex; urogenital sinus-derived growth inhibitory factor;
urokinase receptor antagonists; vapreotide; variolin B; vector system, erythrocyte gene therapy;
velaresol; veramine; verdins; verteporfin; vinorelbine; vinxaltine; vitaxin; vorozole; zanoterone;
zeniplatin; zilascorb; zinostatin stimalamer.
Further examples of chemotherapeutic agents suitable for use in the viral formulations
20 described herein include anti-cancer supplementary potentiating agents, including tricyclic anti-
depressant drugs (e.g., imipramine, desipramine, amitryptyline, clomiprainine, trimipramine,
doxepin, nortriptyline, protriptyline, amoxapine and maprotiline); non-tricyclic anti-depressant
drugs (e.g., sertraline, trazodone and citalopram); agents that recognize or block VEGF (e.g.,
Avastin); Ca”*" antagonists (¢.g., verapamil, nifedipine, nitrendipine and caroverine); Calmodulin
25 inhibitors (e.g., prenylamine, trifluoroperazine and clomipramine); Amphotericin B; Triparanol
analogues (e.g., tamoxifen); antiarrhythmic drugs (e.g., quinidine); antihypertensive drugs (e.g.,
reserpine); antibodies to receptors, such as herceptin; thiol depleters (e.g., buthionine and
sulfoximine); and multiple drug resistance reducing agents such as Cremaphor EL. The viral
formulations described herein can also be administered with cytokines such as granulocyte
30 colony stimulating factor.
As used herein, the term proliferative disorder refers to any cellular disorder in which the

cells proliferate more rapidly than normal tissue growth. A proliferative disorder includes, but is
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t he conpositions were dried for an additional 15 hours at this tenperature.
The dilution ratios for each of the formul ati ons were determ ned by
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For mul ati ons Sanpl es of Control Fornul ati on and Conposition 1, as

descr i lseaditipawes Symemlstﬁéh%@seam Pb‘FOIlddlqnyophl I i zation, for particulate
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results as S own |n |ca vIi'ra ons pre
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the Control Fornulation. W) 2012/075376PCT/US2011/ 063037 Table 2: # Final
Fill B@fwh gbirdorg quﬁeaqq ggrpmphibian. The term does not denote a particular age or sex.

20 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.

25 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

30 Example 1: Non-Viral Composition Preparation

Compositions 1 and 2 were prepared by mixing the components shown in Table 1.
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Mean Particulate Particulate Lot # Particle Dianeter matter > 10 m cron
matt er

10
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> 25 mcron (nm #/container #/container 1 122-08002
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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 MgCl, 2mM) 2 mM MgCl, 2 mM
Cation
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: Lyophilized Viral Formulation Preparation

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

To lyophilize the viral formulations, each diluted composition was individually added to
a lyophilization vessel and placed on a shelf within an ADVANTAGE PLUS EL-85
BENCHTOP FREEZE DRYER (The Virtis Co., Inc; Gardiner, NY). The shelves were setto a
target temperature setpoint of 5 °C and compositions were maintained at this temperature for 120
minutes. The compositions were then cooled, at a rate of 15 °C per hour, to -50 °C and the
composition was maintained at -50 °C for three hours. The condenser of the lyophilizer was then
cooled to a temperature between -75 °C and -50°C and the chamber was evacuated to a target
pressure of 60 um Hg. The chamber pressure was controlled by adding 0.2 um of filtered
ambient air into the chamber. The compositions were then warmed to -35 °C over 30 minutes

and were dried at this temperature for 48 hours. The temperature was then raised to 25 °C and

24-



160- 08001 Control 122.3 2349 32 2 122-08003 160- 08001 Control 114.3 2490 53
3 160-10006 160-10004 Conp. 1 121.8 50 4 4 160-10011 160-10008
WO 2012/075376 PCT/US2011/063037

the compositions were dried for an additional 15 hours at this temperature. The dilution ratios

for each of the formulations were determined by analytical HPLC.

Example 3: Lyophilized Viral Formulation Storage
5 The infectious particle titers (TCIDso/mL) for Control Formulation, Formulation 1, and

Formulation 2, as prepared in Example 2, were determined at ambient temperature after
preparation (i.c., at time = 0). At t=0, the Control Formulation was below the limit of detection,
demonstrating that no viable virus was present. Thus, the Control Formulation was not tested at
any further timepoints. Formulations 1 and 2 were stored for 0, 3, 6.5, 12 and 18.5 months at

10 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 were determined in triplicate. The mean data for Formulations 1
and 2 are shown in Figure 1. The recoveries of infectious particle titers for Formulations 1 and 2
are shown in Figure 2. The viral titers were normalized to account for interassay variations in

15 the control titers. The normalized total viral titers, measured by HPLC, are shown in Figure 3
for Formulation 1 and in Figure 4 for Formulation 2.

The infectious particle titers of Formulation 1 stored for 3, 6.5, 12, and 18.5 months at -

80 °C, -20 °C, and 2-8 °C were not significantly different from the initial titers obtained at time =
0 at ambient temperature. However, in Formulation 1, drops in titer were observed at ambient

20 temperature after 3, 6.5, and 12 months. The infectious particle titers of Formulation 2 stored for
3,6.5, 12, and 18.5 months at -80 °C, -20 °C, and 2-8 °C were stable or showed slight decreases
in infectivity as compared to the time = 0 data. Similarly, slight decreases in infectivity were
observed in comparison with the time = 0 data after storage for 3 and 6.5 months at ambient

temperature. Formulation 2 showed a decrease in infectivity after 12 months.

25
Example 4: Non-aggregating Viral Formulations
Samples of Control Formulation and Composition 1, as described above, were tested,
prior to lyophilization, 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
30 Composition 1 had many fewer particles than viral formulations using the Control Formulation.
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(b) a non-viral conposition conprising: (i) mannitol; (ii) sorbitol; (iii)
hi stidine; and (iv) M2+, wherein the viral formulation is Iyophilized; and
wher ei n twe 20m7§376al conposition, prior to |yophilizatipomuseeiiaciodsyui d
non-viral conposition further conprising a liquid carrier; and

wherein the concentration of sugars in the liquid non-viral conposition is

| ess t R Afr BYCRAIWREBHS: based on the weight of the liquid non-viral
conposition. WD 2012/07/5376PCT/ US2011/ 063037 4. The forrul ati on of claim 3,

wherein the conbi ned concentration of mannitol and sorbitol in the liquid
non-vi rlal ccowposlifoinpratien ¢osgmisitgan 7% based on the weight of the liquid
non-vi r al cg osit%oa..S_Th formul ati on of any of clains 1-4, wherein the
non-viral c %Eé@TFig FUPAREr conprises a non-ionic surfactant. 6. The

fornul ati on (Bf aatn-Afal eb@Abstidn Sompirgiei N the viral fornulation is
substantially free of Zn2+. 7.The formul ation of any of clains 1-6, wherein

the viral formiDatmemifol substantially free of trehalose. 8.Avira
(ormilatlon. comrshle: (2 puified virus: and (b a non-vira
(iii) histidine; and
(iv) Mg”,
wherein the viral formulation is lyophilized;
wherein the non-viral composition, prior to lyophilization, is a liquid non-viral
composition further comprising a liquid carrier;
wherein the concentration of sorbitol in the liquid non-viral composition is less than 3%
based on the weight of the liquid non-viral composition; and

wherein the liquid 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 liquid non-viral composition.

3. A viral formulation comprising:
(a) a purified virus; and
(b) anon-viral composition comprising:
(i) mannitol;
(i1) sorbitol;
(iii) histidine; and
(iv) Mg”,
wherein the viral formulation is lyophilized; and
wherein the non-viral composition, prior to lyophilization, is a liquid non-viral
composition further comprising a liquid carrier; and
wherein the concentration of sugars in the liquid non-viral composition is less than 7.5%

by weight based on the weight of the liquid non-viral composition.
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(i1) My2+; and (iii) a non-ionic surfactant, wherein the viral fornulation

is lyophilized; wherein the non-viral conposition, prior to
| yophi | i 280i2012/076376a | i qui d non-viral conposition furtheCTasaqiosiody a
liquid carrier; and wherein the concentration of sucrose in the

l'iquid non-viral conposition, prior to lyophilization, is |ess than 5%

based qn t herpwehGhfia@in (;fh:@alhl' ﬂl‘!\}lféré“ﬁ) ﬁle hﬁ)lme‘acb'gﬁf@'ﬂtah&? of ﬁgﬂntol and soM3gsIel N

t he I|qU|d non-viral conposition, exclu |ng the liquid carrier, 1Is

subst ann ttel liqupid n@eviedl coopostde mtlessaharorfiodascal dnsthe menzhs uﬁﬂleélelupbio,ne‘#isa,l and
carboxyl ates,. 9. A viral formul ation, consisting essentially of: (a) a

puri fi &8MPPFEEY and (b) a non-viral conposition comprising: (i) sucrose:
(ii) My2+; and (iii) a non-ionic surfactant, wherein the viral fornulation

is lyophi| i ze@fornPatZdhled ¥ 98 éR ks M%ﬁééﬁﬂﬁ@%ﬂ-wral conVfogitidh Fuititg non-viral

conposition, prior to lyophilization, is a liquid non-viral conposition
furtheﬁoﬁmﬁ@ﬁ&%ﬁQ@goawwwdhﬁHNCarr|er and wherein the concentration of
sucrose in the liquid non-viral conposition, prior to lyophilization, is

| ess t %an 5%1113%5 IQthnt&% 'fgﬁgméji t@/ﬁ Ileinqtﬂb glr rr}ﬂll'éﬁé)n fs%ﬁﬂ&édtfaﬂ Bree 10.

The fornul ation of any of alns -g wher ei n tﬁ% virus 1s an onco?y tic
virus. ofZn*The fornul ation of any of clainms 1-9, wherein the virus is a
non- enveloped virus. 12. The formulation of any of clains 1-11, wherein the

virus i oV, 13.. The f rnu n of claim12,. wherein the, reovirus
L 5 el 1R oot afy of ¢y bPnhhaer e sRalp AR B e

manmal i@RchgeM rus is a human reovirus.

8. A viral formulation, comprising:
(a) a purified virus; and
(b) anon-viral composition comprising:
(1) sucrose;
(i) Mg*"; and
(iii) a non-ionic surfactant,
wherein the viral formulation is lyophilized;
wherein the non-viral composition, prior to lyophilization, is a liquid non-viral
composition further comprising a liquid carrier; and
wherein the concentration of sucrose in the liquid non-viral composition, prior to
lyophilization, is less than 5% based on the weight of the liquid non-viral composition; and
wherein the liquid 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:
(1) sucrose;
(i) Mg*"; and
(ii1) a non-ionic surfactant,

wherein the viral formulation is lyophilized;
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15. The fornulation of claim 14, wherein the human reovirus is a serotype 3
virus. 16. The formulation of claim15, wherein the serotype 3 virus is the
Deari ng swoanre/o7537é. The fornul ati on of claim 12, wherePOTIUSROMMBEBOBT US i S a
reconbi nant or reassorted reovirus. 18. The fornulation of claim12,
wherein the reovirus is | DAC #190907-01. 19. The formul ati on of any of
claims 1,' 17’Wﬁ’gf‘&ﬁ ?derhd}{g\%rdl %oﬂﬁé@ﬁ@(‘fﬁ, Fior ﬁq\?ﬁlﬂﬁﬁiﬁ%ﬁ rﬁkg"lf Qf%i non,ZQralThe

formul ation of any of clains 5, 8§, gr 9, erein the n(()ln-lonlc sur f act ant

i s pol ysopbstien 8Gther 2dmpritueg & bqud|catriecorandf any of clai ns 1-20, wherein the
liquid carrier i.s _an agu?okls carrier.. 2§. @e fo.raﬂ%l atiOﬁ of claim 21,
wherei n t he “GHEEB Y coRretiaion of yerose in theJiquig ROn-YiraLcpIPPYHO/PTIONIP of ¢l ai s
1-22, WhspheliAatibias Ws§ fan 504 pask@bh et WSghtARhEli@lid Aoh-SREdAIpsRIoAt about

anbi ent” tenperature. 24. The formulation of any of clains 1-23, wherein
the viral formulation is stable at a tenperature at about anbi ent

t enper dlur e Thedomnyletion ofgmg of alpims b, whigeimihe y1roy5InERCTYISIEYSL/ 063037

25. The formul ati on of any of clains 1-22, wherein the viral forrmulation is
stabl e 1t a yr e 4 .at.le nt hs.
26. The 1? or w#hgmﬁ%tw naonf(;dfng? ?gﬁgr{lsmls %%%‘{ef%érv Ierlﬁsgllst neO!n v@?%‘lobg%fﬁuu ‘ation is
stable at a tenperature of about 4 C or lower for at |east six nonths.

27. The 12or milhatfommlaforarfiangfof claansrk-11; @Breinttbe wirvs ishaewiirial fornul ation is
stable at a

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.
15.  The formulation of claim 14, wherein the human reovirus is a serotype 3 virus.

16.  The formulation of claim 15, wherein the serotype 3 virus is the Dearing strain.

17. The formulation of claim 12, wherein the reovirus is a recombinant or reassorted
reovirus.

18. The formulation of claim 12, wherein the reovirus is IDAC #190907-01.

19.  The formulation of any of claims 1-17, 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.
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tenperature of about 4 C or lower for at |east twelve nonths. 28. The
formul ati on of any of clains 1-27, wherein the viral fornulation is stable
at a tenpeoavrwwesyh about 4 C or |ower for at |east eigirCears2omosdng? 29. The
formul ation of any of clainms 1-28 which is suitable for reconstitution
before adm nistration. 30.A method of meking a viral formulation,

conpri s 5Ng t"[ﬁl% §t1c91f of aﬁlg)of Qfa?d{é 9'2Q gwﬁer¥fnrtH§ Vlral formulﬁtj?an ﬁ@%lerﬂt Rg, to

forma I|qU|d viral forrmulation, the virus and a |iquid non-viral
conposﬁ@nmn&uwhahépuh1ﬁéotkquxdnmmhmmnhakrmmmmDS|t|on conpri ses: (i)
manni t ol ; (ii) sorbitol in a concentration of |ess than 3% based on

(e VB ot NG Kl SSTBREH Bt oty MBI,

COWPOSHémQé}atu?@(@ﬂdbdhmo@ BElow el fdrtht GRALH JiMmonih§. substantially free of
nmonoval ent cationic salts; and (c) |yophilizing the liquid viral

formul ation, to forma V|ral formul ati on. 31. The net hod of cl ai m 30,

wher ei #7t he ThsripimEa o canof ki3, whasrainthe viapdogpptiarpis stahlergsa
o based th ht of th
o vi rErGRTROGAbAMh G ol B33 RIS IDRMAKCIBUEIN 23555 95 W hetrog o

maki ng a viral fornulation, conprising the steps of: (a) providing a virus;
(b) comBi ni rTgl,e fOKmuﬂ@tlicm &f dny qliclinag 807, Wheranl the Vol fotrdatiorr iustadlecata | i qui d

non-vi ral comp erein_.th ui,d non-viral conposition conprises:
ternperat out 4 é"g ower for a? leastqelghteen rnonth S. P P

29.  The formulation of any of claims 1-28 which is suitable for reconstitution before

administration.

30. A method of making a viral formulation, comprising the steps of:
(a) providing a virus;
(b) combining, to form a liquid viral formulation, the virus and a liquid non-viral
composition, wherein the liquid non-viral composition comprises:
(1) mannitol;
(i1) sorbitol in a concentration of less than 3% based on the weight of the liquid
non-viral composition;
(iii) histidine;
(iv) Mg™"; and
(v) aliquid carrier, and
wherein the non-viral composition, excluding the liquid carrier, is substantially free of
monovalent cationic salts; and
(¢) lyophilizing the liquid viral formulation,

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.
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(i) mannitol; (ii) sorbitol; (iii) histidine; (iv) My2+, and (v) a liquid
carrier, and wherein the concentration of sugars in the liquid

non- vi r alwbaprul7ai7eon prior to |yophilization is |ess tiram/uB2&%ok3p3nei ght
based on the weight of the liquid non-viral fornulation; and (c)

| yophilizing the liquid viral fornulation, to forma viral fornulation.

33. The th I gﬁméﬁé =Y Qﬁ?ﬁ .ration of mannit ol
and sogg?to?ggﬁﬁwﬁéﬁnon- |?§?ﬁ§§#g§%?ﬁf§n §ﬂﬁg§§%?ﬁggf7@6by wei ght based
on the wei gha) mbvidiveg avorusyi ral conposition. 34. The met hod of any of clains

30-33, furthger cagnprisi addi ng a n-ionic surfactant..ta .the Liquid
non-vi ral - cQRHCTINgE: od8r AU el RET Ry e &1 fh SHIS4 hOGHERE n t he
viral fampabiibh,Ohdrsin StShANhdRk Y ohRsiPibn €8dprisc36- The nethod of any of
clainms 30-35, wherein the viral formulation is substantially free of

trehal ose. 37. A it heehngblimaki ng a viral formul ation, conprising the steps

of : (a) prgyuphﬂgra Vi rus; (b) combining, to forma liquid
vi ral fornulatioé, e’ Vi'rus and a | i quid non-viral comnposition, wherein
the |iquid non-vidiplhigriggsi ti on conpri ses: (i) sucrose in a

concentration of |ess {han 5% based on the weight of the liquid non-viral
conposi tion; WO®1ML078BY6PCT/ US2011/ 063037

(v) aliquid carrier, and
wherein the concentration of sugars in the liquid non-viral formulation prior to
lyophilization is less than 7.5% by weight based on the weight of the liquid non-viral
formulation; and
(¢) lyophilizing the liquid viral formulation,

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.

34.  The method of any of claims 30-33, further comprising adding a non-ionic surfactant to

the liquid non-viral composition.

35.  The method of any of claims 30-34, wherein the viral formulation is substantially free of
Zn*".

36.  The method of any of claims 30-35, wherein the viral formulation is substantially free of
trehalose.

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

(a) providing a virus;
(b) combining, to form a liquid viral formulation, the virus and a liquid non-viral
composition, wherein the liquid non-viral composition comprises:
(1) sucrose in a concentration of less than 5% based on the weight of the

liquid non-viral composition;
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(it) mg2+;, (iii) a non-ionic surfactant; and (iv) a liquid carrier, and
wherein the liquid non-viral conposition, excluding the liquid carrier, is
subst ant iabDI2g1da7860f nonoval ent cationic salts, non- sueCIAS2@aloyBE, and
carboxyl ates; and (c) lyophilizing the liquid viral fornmulation, to forma
viral fornulation. 38. A nethod of making a viral fornulation, conprising
the steps of: i MF&} provi ding a virus; (b) combining, to forma
liquid viral foréu? atron, the virus and a liquid non-viral comnposition,
wher ei n the | i qui(di)romovionmlsudestpdsantd on consi sts essentially of:
(i) sucrose in a cgncentciati.on of less than 5% based on the weight of the
li quid non-viral (3 i FagFier, an . (i) mg2+; (iii) a
non-ioni ¢ syffcaGh @t liqudAon-viral condpb¥itioR dxbRMind tB&lifhi8 carrRRds §Wbstantially
| yophilizing the liquid viral forrmulation, to forma viral fornulation.
39. The frestofiownoralamfycationie salisnsoBeucasse patieleind Farbpwilatesiiand the |iquid viral
formul ati on ,connLi ses:; . freezing the liquid viral fornulation to
a tenperat ur@ B’g\?\el?mtnﬁetllrlle ]ﬂ)@lg(\)]ﬁ?lg)frorrﬁn@a'leor%zen viral formulation; and
(b) appl yi ngo forvag vidanfb@nilixéon,. r ozen viral fornmul ati on. 40. The net hod of any
of claims 30-39, further conprising reconstituting the |yophilized viral
formul ation. 41. The nethod of claim40, wherein reconstituting the
| yophi 138zed A/Mmethodrodmaking 3 vl fompilatiods compasng ihsgted? °Suspendi ng t he
| yophi li zed (y)ilgrg{,id{&rarmhégi on in a nmedium
(b) combining, to form a liquid viral formulation, the virus and a liquid non-viral
composition, wherein the liquid non-viral composition consists essentially of:
() sucrose in a concentration of less than 5% based on the weight of the
liquid non-viral composition;
(i) Mg™;
(ii1) a non-ionic surfactant; and
(iv) a liquid carrier; and
(d) lyophilizing the liquid viral formulation,

to form a viral formulation.

39.  The method of any of claims 30-38, wherein lyophilizing the liquid viral formulation
comprises:

(a) freezing the liquid viral formulation to a temperature lower than 0°C to form a frozen

viral formulation; and

(b) applying a vacuum to the frozen viral formulation.

40.  The method of any of claims 30-39, further comprising reconstituting the lyophilized

viral formulation.

41.  The method of claim 40, wherein reconstituting the lyophilized viral formulation

comprises dissolving or suspending the lyophilized viral formulation in a medium.
42.  The method of any of claims 30-41, wherein the virus is an oncolytic virus.

43.  The method of any of claims 30-42, wherein the virus is a non-enveloped virus.
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42. The nmet hod of any of clains 30-41, wherein the virus is an oncol ytic
virus. 43.The nethod of any of clains 30-42, wherein the virus is a

non- envelwpediav7sars. -32- WO 2012/ 075376PCT/ US2011/ 06308T/us4011/Dba®3met hod
of any of clainms 30-43, wherein the virus is a reovirus. 45. The met hod of
claimd44, wherein the reovirus is a manmal i an reovirus. 46. The method of
clai m 48, WAHGhInSd\St FRTIRLA030.99VvhdfSin e BirlliTaResGANI rUS. 47. The

met hod of cIa|n146 wherein the hunman reovirus Is a serotype 3 virus. 48.
The nethod of claim47, wherein the serotype 3 virus is the Dearing strain.
49. ThetSmet N redthed eff alaigvd4, whereai thetrbevirug avi masmaliag re@eisbi nant  or
reassorted reovirus. 50. The nethod of clain144 mherein the reovirus is

| DAC #19090 h d of | ai s n M2 is
bresentas rgtasie ol udh ol erhlne fisEiefTirdy s T g S5 051 O3
wherein the non-ionic surfactant is polysorbate 80. 53. The nethod of any
of cl ai4rs 30rheZnethdtbsfadlaint 4t whieehin thedinfan@tovisisana sqogped virasri er. 54. The
nmet hod of claim 53, wherein the aqueous carrier is water. 55. A viral

f or nul ion _pre cor to the nethaod .of .clai 30-54. 56. A nethod
of preg“grv. 6@1 aﬁetéqﬁ%ﬁim emuatbgse oS STtgs SrRGENE §E2E- vi r al

formul ati on according to any of claims 1-28; and storing the viral

for mul agyi on.TheBdethdder dEEIRH vAferh BlcMeSBrusWhLFRbMblMagt M eaksoht&d gbead at a
temperature at or bel ow anbi'ent tenperature. 58. The method of claim56 or
57, wherein the tenperature is anbient tenperature. 59. The method of claim

56 or 5P, whdeengthedel dlapptt athgran the reedrms2s AE #39¢90760l. The net hod of

claim59, wherein the tenperature is 4 C

51. The method of any of claims 30-50, wherein Mg”" is present as magnesium chloride.
52. The method of claim 34, 37, or 38, wherein the non-ionic surfactant is polysorbate 80.
53.  The method of any of claims 30-52, wherein the liquid carrier is an aqueous carrier.
54.  The method of claim 53, wherein the aqueous carrier is water.

55. A viral formulation prepared according to the method of claims 30-54.

56. 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.

57.  The method of claim 56, wherein the virus is stored at a temperature at or below ambient
temperature.
58.  The method of claim 56 or 57, wherein the temperature is ambient temperature.

59.  The method of claim 56 or 57, wherein the temperature is from 2 °C to 8 °C.
60.  The method of claim 59, wherein the temperature is 4 °C.
61. The method of claim 56 or 57, wherein the temperature is -20 °C.

62.  The method of claim 56 or 57, wherein the temperature is from -60 °C to -80 °C.
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61. The nethod of claim56 or 57, wherein the tenperature is -20 C. 62. The

nmet hod of claim56 or 57, wherein the tenperature is from-60 Cto -80 C.

-33- WO wOoRam758¢6PCT/ US2011/ 063037 63. A nethod of prepseeingez37

non- aggregating viral formnulation, conprising preparing a viral fornulation

according to any of claims 1-29. 64. The nethod of claim 63, wherein the

Lo, oM € a a -a t 101, r1S vira

Tﬁjr renc“t If%stg'non A el PlafifE o AR aPER LR 31 R nRBHBR! &ndristdy b e viral
fom-lulation according to any of claims 1-29.

64.  The method of claim 63, wherein the formulation is suitable for administration by

parenteral infusion or injection.
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