ST-246 LI QUI D FORMULATI ONS AND METHODS CROSS REFERENCE TO RELATED

APPLI CATI ONS [ 00001] This application clainms priority to and benefit of

U. S. Proweizoralis®appl i cati on No. 61/370,971, filed Augu®eCTAS2@0Hh@28nd U. S.
Provi sional Application No. 61/450,359, filed March 8, 2011, the contents
of which are hereby incorporated by reference in their entirety. FIELD OF
THE | NVENTI ON [ 00002] The present invention relates to novel |iquid
formul ati ons of ST-246 and processes for naking the liquid formrulation.
STATEMENT REGARDI NG FEPBRAly i SDSRIA RERSASIANGRIPEHGIPVENT [ 00003]
This invention was nme Contract No.
HHSN272200800041C awarded by the Bronedrcal Advanced Research and

Devel opnent Authority and the National Institute of Health (NIH). The U.S.
Gover nnent CRIFSTREFERENCH TG RELATIED AP 10AANONACKGROUND OF THE | NVENTI ON

[ 00004] Throughou IS applrcation, various publications are referenced
within the text. The di scl osure of these Eublrcatrons in their entireties

are her ebyl0088Hr Bis apriisatign ¢laimsmeingly torand benifis obld S Proatsional Applisistiet Neo nor e
fully desc e frr@s rein as
of the dat b or ¥ He TR B, 2B By aEP ERR E p R 85 1B 601 O

Hi st ori cal Marchvi@a 2D bl, ghexdontes(s df Iméncéltar@hﬂgbyclna@pmatedfbyscrfatdnp@m,thch'a@ltiwen
estimated to have killed, crippled, or disfigured nearly 10% of the human
popul ation i (1). Smallpox is highly comuni cabl e and
carries ex5§§H19£§¥§iﬂ§%1§&ﬁ6 idity. Secondary attack rates anong
unvacci nat ed nenbers of househol ds in which soneone had smal | pox have been
reported t@©00621g€hd pmmnﬁih%ﬂt@n&@l(érbes Mondval liquyd foamektio@ngeS TH-240mnd% f or
variola mnor to 30% f.or Wth the advent of biowarfare as an
|nstrunentp%?e$%ﬁ95??gﬂgﬂ§ ‘%@Qgﬁé %ho | onger be thought of as a di sease
of historic inpact only. [00006] There are currently no therapies other

t han ear| ySYATEMENT®REGARDBING EEDERADEY SPONSORED RESEARCHOROt enti al |y
prevent disease in a Eopulation t hat has been exposed to small pox.

Vacci nati o i nherent risk of adverse events for certain

I mrunosuppr essedr eci pi ents and even some heal thy recipients (2). Mreover,

vacci nati 0[00063]efﬁ1§@1{deﬂt¢0rp\ﬂilsymh(fe VAU, $ber@deMsifor vhdelaysntReSNg.exposur e.
Thus, antiviral drugs used al one or gotentrally in combination with

vacci nat i OHP@Mm@ Qe L rvar degitbyi thei Bisimedis A dyanc erR esier chviaiiB oy chgpment

vul ner abi | i h@@ﬂe ity.

Addi ti onaI me‘ﬁ}t%\glﬁ?a}ﬁ&dﬁ aplglg@({)ltlfl Og Pﬂ:ﬁi‘sﬂg be ugﬁelagr%%oﬁ;gﬁﬁégia%ﬁe}%g
zoonotic pnyvsnueedwemase |nhunans such as nonkeypox. [00007] ST-246
(4-trifluoronethyl-N-(3,3a,4,4a,5, 5a, 6, 6a-oct ahydro- 1, 3-di oxo- 4, 6-

et henocycl éﬂddﬁﬁb &, ﬂﬁQEN%ioﬂenzanlde) has recently energed as a
pot ent cangré%ﬁe—agarngﬂgugihupoxvrrus. Several studies evaluating ST-246
for activity agai nst orthopoxviruses have denonstrated excellent in vitro
and in vivﬁmﬁ@ﬂiEmeygmﬁuﬂm@mmm%amnewmkuapwdmhmmmbkne&agaﬁhwﬁhMabmkmﬁa Vi rus

e S e S e T s ARyl

concent r at in@dthfs=EpAtationtin Side | rie iﬂJlE}Qﬂ:@@tﬂIertﬁé it@o onheQrthZ kh&Mh todhbde ani mal
nodel s using lethal infections with ECTV, W, or ST-246 was reported to

be nont oxi alawnﬁheqnwsertrheé%tr:@éthenn\ﬁne%%sm@dandﬂbﬁa%dlrr@elﬁrortar ity even
when treatnments were delayed up to 72 h post-viral inoculation (3, 4).

ST- 246 was (}%bﬁﬂ ﬁ‘i’s@dri&@%ﬁ@aﬂbl’aerh@%éqé?ﬁll(%tl@@éenméﬁﬁllf)@d had 128h eintRdel, usi ng
I ntravenous was adm nistered orally twi ce a day at 15 or 50

my/ kg of bbakg lirdéngrruppﬂ@r ordigizgnscd ndaely 1 @Yol of Ithestiuarg pepvlatien privirfte eradicatjon
reduced (4 e DA- aut hori zed
enmer gency gpegFl (#J§E@£ é?gﬁgnvg%%ﬁﬁg$%§$g %%ﬁnﬁ%géﬁ%%%%)gpf T exposure to
t he par ent Sscopdedapidhyraenimond mrivacqmasafmm&rpbefs bfrhimm}maxisumwh(cﬁ)somﬁ:&&(]ﬁﬂ]

G ven the hi efficacy of ST-246 a t| e ainst s and a
| ack of FDK!‘%E’ﬁF‘g‘@‘éedb‘i%d‘?pé’gFa-H‘r@% PR éé?wé\ﬁ&%rﬁgarrarr%ga Padet on,
there is clearly a need for devel oping safe and effective ST-246

formul ations that can be adm nistered by various routes of adm nistration.
However, the poor solubility of ST-246 in water and in pharmaceutically
acceptable pH buffers creates an inpedi qent to naking safe and effective
ST-246 |liquid formul ations. [00009] Thus, there is a critical need in the
phar maceuti cal and ot her bi ol ogi cal based industries to fornul ate water

i nsol uble ST-246 into liquid forrmul ations for oral, parenteral, or topical
adm ni strati on. SUMVARY OF THE | NVENTI ON [ 000010] The present invention
provides a |iquid pharmaceutical fornulation conprising a therapeutically
effectrve anDunt of ST 246 and cyclodextrrn and further conprrsrng one or
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[ 000042] In one aspect of the invention, the instant process conprises

m xi ng ST-246 with cyclodextrin in a pharmaceutically acceptable |Iiquid
carrier fwo?2at20us8185 mn to 72 hours. In another aspect Pofi/ush@ tiomszent i on,
the instant process conprising mxing ST-246 with cyclodextrin in a
pharmaceutically acceptable liquid carrier at a tenperature range from
about 28C to about 70C. In one enbodi nent, the pharmaceutically acceptable
liquid carrier is water. [000043] In yet another aspect of the invention, a
uni t - dosageg,ddifmiddr {0 kR thAMNa % @r W‘fthgga(ﬁ@mf'b%w@fareaas an InseiicROsHt ent
rangi ng fromabout 2 ng/m to about 20

hydr oxypr ofsyroridm. ssyedlpox est 1 hqnmhtelmmghmfgti mglsmsonf hibtout impackomy/ M to

about 40 ng/m; and c) optionally conprising nmannitol, trehal ose dehydrate,
| act ose no r ' of the
liquid for L@Pg@, gfrlfgf %‘%ggggﬁw %dotﬁgﬁaw ﬁﬁ%‘?\%&b&r@q}é&%&% fLart ‘Iq—IeIJgEad j ust ed
toar angeonitcmm ajbnhmasé%o@otamtia]ﬂmprtevﬁtdismé inga mpmalaﬁmmams bebmemsd:drter

enbodi nment r 9 %C(I)jnusted to range éom ab oy 3 0.to about 5.0 using
citrate bulTaiPox SaegadnFRTSEI BRIPHAFRAL 37 S G ARG | o, a uni t
dosage |i qumeluﬁc@ﬁlsmt@td@apieﬁtsIaﬁ@w&e@nféql@fmﬂy%aglene)(msﬁ&é@vdt ag/ingiohr om
about 2 ng/m_to about 20 droxypropyl-11-cycl odextrin content
rangi ng frBiffagditoniyifgdmgi re(tl Wlth'@dtgayawtvﬁmsurea Adup prigyeal dgp psged

conpri sing I d from
the. gr oup- SoRe ST A0 lﬂ%%éﬁﬁt PERL M REFOHEY, el P AN gf ahhe

pol yet hyl ethe wghdayobf Bdisratahi vhueh ddced prat wdegcllohmtzrlltaf plpteefleer latbhn}nltyt he t ot al

vol une of id for atio s .abou i.ment, a pH
o s ust et gigolTh. Syl EEHE b R Ry PGy A ERBSHTR N The on
i s adj ust edis¢Re thuangs sheoayndkdipok. 0 to about 5.0 using citrate buf f er.
Definitions [000045] In accordance with this detailed description, the

Lsed her oi MOOPAES LB GT aRatma 05 FER s otop bSO LR prir hat as
referents &H&&%?cl&ﬁl@p[ffpibti@éﬂ 209N )-NorBhiGidef, B8s REORK Wnkeecd:00084G] The term

"pharmaceutical conposition” or "pharmaceutical formulation" is intended to
enconpass aanérdaﬁ aspigfrsthoperelingeli AgyorHstudies icvauatingrSdd? 4oy agtivity against
phar maceut I g%t,@ [ t [ wel | as
any pr oduc%)Iq OX 1ﬁfsgsu l%ﬁgllﬁsif%tetal&g%lr%mltlﬁ |t¥ ect qntm]fo relc?)fr?ﬁagg% 428.“ @ﬁ
conpl exat i mlmedaggneW1mma©émanyru‘s WoVarcowpoxviods (e, dcorgmebla eindss .

encompase. 6RO RBAEPP ort Rk R~ oy A s e 2 PO E Gl BHEroBBY  ve

i ngr edi ent 50, $PR% BRIV cohRIRASINt [BC5aPdt bi &w a 3&iickieatioR@F A RV( Wish and
phar maceutical |y acceptabl e exci pients 000047] The term "hal f-1i fe is a

phar macoki pmREme@lysiRelgthabinfatprsayigh EQ%VI &Yg@hCMf Stie Wﬁét@@@@@w 0

el imnate [ 000048]
The torm » ALYy P DReRF EREA G e e PR B n R rat  on
curve, " orwetgrdshyehueto tMep@@mcédnwcatiatlon(i i4reSTLAQ evay alsg cenlphtet walt dki net i ¢

term used to neas il ent of
wbsor pt 1 onnare b s IRt TRBE HRVERr St ARBTRR s ppfti L

i ndi vi dual o@ttptmdaehyastm& o3 G0 Gk d aﬁbo@psVesghmIresoHagt tlﬁd’taﬂlll@[’tins mWeterval s; the
AUC is d|rectly proportlonal to the total amount of unaltered drug in the
patient's HEREHGPIAstHEcd For Mashisptly, 2n infanaps giypv el 26f 2a2hFBe-of the AUC
versus dos §utﬁ6r1z%d em%fgeﬁé}gtl?éatrﬁéﬁ ?&@c?&n& I/d%@l)ﬂaﬂuﬂfj\kfﬁl@ltl 8@&/61&')@3 af & xPEHE: foS

being rel eased slowy irnto the blood streamand is providing a steady
anmount of thewgrents mrheepba’meehmihtart/ stiabpoxUGmyerization (fose is a |i near
relationship this generally represents optimal delivery of the drug into

t he pati en I t curve
i ndi cat es 0:9?)?25 régggzﬁsee}ﬁg& fg@é(c 02@%?%h%tl%§%qn%r%y1&%{mt§#}%l¥%a%azatlqa gfor bed,
or the dr uﬁDlAsapthvabmeldzzenbrisécbrdhetreatmemtldfgma]hlmxbhﬁtotﬂorstlrew;mclepﬂﬁeﬁda@l] The

o et B g apind i MU EORESSH 5% Oémﬂéfltt B BT R SELBp Sls Efggna

of a patient. [000050] The term"T." (i.e., "tinme of maxi mum concentration”
or "tinme of Crax") is a pharnacokinetic termused to indicate the tine at
which the C. is observed during the ting course of a drug adm ni strati on.
As woul d be expected, a dosage formthat would include an i nmedi ate rel ease
as well as a gastric retentive conmponent would have a Trmax that is higher
than the C. for an immedi ate rel ease dosage form but |ower than the Trmax
for a purely gastric retentive dosage form [000051] As used herein, the
term"subject” for purposes of treatnent includes any subject, and
preferably |s a subject mho |s in need of treatnent of an orthopOXV|rus
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[ 000076] Lubricants that can be used in pharnmaceutical conpositions and
dosage forns of the invention include, but are not limted to, cal cium

st ear at e, woregr@aassim st earate, mneral oil, |ight m neralPCoius2oigloyees i n,
sorbitol, mannitol, polyethylene glycol, other glycols, stearic acid,
sodium | auryl sulfate, talc, hydrogenated vegetable oil (e.g., peanut oil,
cottonseed oil, sunflower oil, sesane oil, olive oil, corn oil, and soybean
oil), zinc stearate, ethyl oleate, ethyl laureate, agar, and m xtures
thereof. [QRAQGFhaFRIEALS AlloWARRAAR: SRk WBGRR HSTRsUE Rivek&8d il 0 patients
by various routes including, but not limtedto, subcutaneous, intravenous
(|nclud|ngpmmma@mhﬁﬂbbmc@m@ﬂep%buﬁmﬂsmakaanH@mﬂnnmﬁtQMQ#mgsﬂhhmiBecause
their adnlq%mh agk 6l é ﬁl rrm}it(%/iasses patients' natural defenses agai nst
cont ani nant's’ parenter osage tornms are preferably sterile or capabl e of
bei ng sterilized prior to adnlnlstratlon to a patient. Exanples of

par ent er al [(mﬁﬁ%]g’féhﬂsoﬁmze i actitch pedallih tla:rl:élanmetcehﬁicrali trelbtho bidogivdlibaszd r eady
for |nject| cts rea or sus

bhar et ITaatiss B BERRE baer B b Yore hpdtuiERrtUaSR ST BRE rirdaiyls o

i nj ection, o@picaiMdhshiORgion] 000078] Suitable vehicles that can be used to
provi de parenteral dosage fornms of the invention are well known to those

skilled in_the art. Exanples include, but are not limted to: Water for

| nj ection EEﬁﬂﬂéQQQSQQEﬁEHQEﬂggigﬁﬁh as, but not limted to, Sodium
Chloride Injection, Ringer's Injection, Dextrose Injection, Dextrose and
Sodi um Chl moodeo]| Mhepickéa mv@ﬂt%d—ﬁ@%déﬁdhcﬁ&@ﬁlﬁrm&celuﬂbﬁft“Mrﬁlll‘atlo%bﬁbnﬂh@Cl bl e
vehi cl es such as, but not limted to, et al cohol et hyl ene gl ycol,
and pol ypr @Wr@ﬁ@tl@llyéffFGUVﬁﬁ@oﬂlﬁmf§au7élé@§d@éﬁp@qx€§% w@ %@r COBFISHEIONR | i t ed
to, corn o sesanme oil, ethyl ol eate,

i sopr opyl hé??%ta%g&ﬁgﬁ% @%%%? r%%%“5[000079] Cbnpounds t hat increase
the solubility of one or nore of the active ingredients disclosed herein
can al so bH00HEr Pesrmessat iinmrmionhéopm’Védcs@re&lodsoéﬁgaéing@ﬁh@pogwim&i@fdcm@nti on.
[ 000080] TrI? ord%re@a Vacc%atluglpl %}prlsl% %&%ﬁn tg rngto a suf) 1}1 ﬂg%r}tlerggfa li Cill d’lde but
are not limted %o creans, it r% é i ons nuIS|ons
suspen3|onﬁmnmaamﬁh&mnhﬁmnmnhaﬂmmngﬂnml@mﬁ&uakmhﬁmjn the art. See, e.qg.
Renington s Pharnmaceutical Sciences, 18th eds., Mck Publishing, Easton Pa.

(1990); Qﬂﬁ}tlon to Pharnmaceutical Dosage .Forns, 4th ea &
Febi ger ® PihobBEA i PR B0 RIREE B R ABeRe S G SRk B el G, oo ¢
type" or "p&bfding foY¥REpreRat BREFionWdmpHsié@theleprppla) kih@ STIE6SKibn and wor n
for a specific period of time to permt the penetration of a desired anount

of active beféﬁdéél'i“éldtl§thrﬁ@e%lﬂlﬂwcﬂ%tl’léh@‘%élcﬁ‘i”éht%d bropjionalbufiltgrinedheng

di l'uents) ang,Qtfrelp,apterials that can be used to provide transdernmal and

t opi cal dosage forng enconpassed by this invention are well known to those
skilled in the pharnmaceutical arts, and depend on the particular tissue to
whi ch a gi 098011 aFreareseni 1@&¢nt1@0ﬁbo®rqw1®a aginitdosrgg diqnidrfennwilationlsempppinged.
Wth that ted to,
wter, acetons2 SefiASobdB R AT MO & bl ARy niadp By dBRypri g

but ane- 1, 3pdydbdexitrsrogmagmy Fanging ifsiaiteut | X6 predpldo apabtrliotmag/en]. m neral oil, and
m xtures thereof to formlotions, tinctures, creans, enulsions, gels or

oL e LA B b BB TGS SRR SRR compost 1 one

and dosagecdmfrighng: b) SiBSMS Q&hgm@fﬁiﬁ)h&ﬁlt 2ingHCd B0 Pl dndP) edi ents are
wel | known in the art. m ngton' s Pharmaceuti cal SC|ences 18t h
eds., MackhysigriPesnyil; cye‘aé%%n P%ptev(t 1@@9}% frqryalays 27 -5 PrEmb e HpuA0 mg/ml.
pharmaceutical conposition or dosage form or of the tissue to which the
phar maceut j(98b15} OTRAsEdeh OiRvQftiod ARB PvERE MpkstedPB hi arn%aanwﬁlatsﬁ)hhﬂe affiqust ed
to inprove delivery of one or nbre active ingredients. Simlarly, the

pol arity oPT&46phuenecusigplfpunulatiqncomprisiagst)mengeST-6 vishiysladgxiearin e
adjusted t I C t added
o phar mc BT E G B O o b B R B B B NP PP e
hydrophiIlmulglmnmﬂmp@phuhnmmny of one or nore active |ngred|ents so as to
i nprove delivery. In this regard, stearates can serve as a lipid vehicle
for the fornulation, as an enulsifying agent or surfactant, and as a

del i very-enhanci ng or penetration-enhancing agent. Different salts,
hydrates or solvates of the active ingredients can be used to further

adj ust the properties of the resulting conposition. Intravenous

adm ni stration, dosage and duration [000083] As indicated bel ow in Exanple
4, a popul ation PK nodel was devel oped to assess the disposition of ST-246
follomnng IV |nfu5|on |n nale and fenale unlnfected cynonDIgus naneys A

T - o - . o e



Pol ysorbate 80 Crenophor EL 17 Pol yoxyet hyl ated castor oil Crenophor RH 40
17 dycerol -pol yethyl ene gl ycol oxystearate Castor oil Plurol O eique 6
Pol ygl ycew9l20astie Laur ogl ycol FCC 4 Propyl ene gl ycol momaiSaunaseedabr afi |
IL M3 Lauroyl polyoxylglycerides Labrafac Lipophile 2 Medium Chain
Triglycerides Sesame oil 1 Soy oil 1 Qls <1 Flax, Corn, Oive [000090]
As shown in Table 1, PEG 400 denonstrated the greatest ST-246

sol ubilization foll owed by Labrasol (r), ethanol, Propylene dycol, Tween
80, Crenmpophor EL and Crenophor RH 40, all of which were identified as
potential intravenous fornul ati on candl dates. Thus, based upon the

sol ubi | i t yBRAEE WO € ANGS el ected for cosol vent

conbi nati on anal ysis. The absol ute soI ubility of ST-246 in oils was |ess
than 5 ng/ [ a3 i ol dat es.

[ 000091] B«Etﬁooeidén%g eI:k% ts o %bﬁlgozlé@éﬁﬁiur%f){rlrsggr?@kﬁ%p% |tg§de of

formul ati ons containing the selected excipients at varying concentrations
wer e cr eat H900TTH ulsigure Relepietstsahubilitny Shiddatin equsowesodutginloficxdpignts.h 1V di | ution
fluid, 5% dextrose and 0.05mM pH 7.5, Phosphate buffer to nake sure that

formul atio t |ts obtained
est abl i sheg) %{%]Sﬁg‘lagﬂiek EasSgongh%gf?g%gg?{as(fﬂgdn\%\guzmslsu@‘ewg?%#al for a

prol onged |V infusion. Even when the quantity of ST-246 was reduced from 10
mg/ mL to 508801 Kigercdalenicisdrydsxapiopylt§rcyvdadeait inghideldt OBy siredsret han 2 hrs

i ndicating that cosolvents and surfactants likely would not yield an IV

formul atio J & din Table 2. WO
015/ 0165, DRB s e hc ot ANEOR SRR B e L T ng 5
mg/ M ST-246 in 5% w v Dextrose and in PBS D| I ution Shelf Life Stability
Hours i n 5p0DEXH] ribgercBi depictsaon@mehfion ¢ff - Bttadsi d fubgtiodod -8 THarA PBS, pH
7.4 Sanmple ID)/0 Total Volune Excipient Density (g/cc) Wight (g) ST-246

concentrat [0(600@/ lmgur% :7]depicts ST-246 solubility as a function of HP-B-CD concentration.

[000023] Figure 8 depicts solubility of ST-246 in the presence of co-solvents as function

of varying temperature.
[000024] Figure 9 depicts effect of pH on the solubility of ST-246 at 25°C and 5°C.

[000025] Figure 10 depicts effect of dilution stability of intravenous formulations
containing HP-B-CD.

[000026] Figure 11 depicts pharmokinetic profile of intravenous administration of ST-246

as compared to oral administration of ST-246.

[000027] Figure 12 shows three X-ray powder diffraction (XRPD) patterns of Form II
(from three different samples).

[000028] Figure 13 shows two X-ray powder diffraction (XRPD) patterns of Form IV

(from two different samples).

[000029] Figure 14 shows an X-ray powder diffraction (XRPD) pattern of Form V.



1:5 1:10 1:1 1:2 1:15 A 50% Crenophor EL 1.05 2.625 5 3 3 3 10.51 50%
Et hanol 0.789 1.973 B 20% Crenophor RH 40 1.06 1.060 5 0.5 0.5 0.5 1
0.5 1 808OBntezmned100. 789 3. 156 C 60% PEG 400 PCT/US2011/046260

[000030] Figure 15 shows an X-ray powder diffraction (XRPD)patterns of Form VI (from
two different samples).

[000031] Figure 16 shows plasma concentration time curves for oral and IV administration
of ST-246 in mice. The means and standard deviations of the plasma concentrations over
time are shown after oral administration of ST-246 to female BALB/c mice at doses of 30,
100, 300, and 1000 mg/kg. The means and standard deviations of the plasma
concentrations over time after 10 minute I'V infusions to female CD-1 mice at 3, 10, 30,

and 75 mg/kg. Each time point is the mean value from three individual mice.

[000032] Figure 17 shows plasma concentrations over time after IV and oral
administration in New Zcaland White Rabbits. Plasma concentrations of ST-246 over time
are shown after oral administration of 100 mg/kg; bolus IV administration of 1 mg/kg; or a
5- minute IV slow push of 3, 30, or 60 mg/kg. A 15-minute IV infusion of 3 mg/kg is also
shown. Each curve is the mean with standard deviations from two male and two female

rabbits.

[000033] Figure 18 shows ST-246 plasma concentrations over time after oral
administration compared to 4 hour IV infusions in cynomolgus monkeys. Plasma
concentration of ST-246 after a single oral dose of 3, 10, or 30 mg/kg compared to the
plasma concentration time curves after 4 hour I'V infusion of 1, 3, 10, or 30 mg/kg in
cynomolgus monkeys. Each curve shows the means and standard deviations. For oral
administration there were 3 males and 3 females in each dose group while for the IV

infusion there were 2 males and 2 females in each dose group.

[000034] Figure 19 shows calculated clearance values from IV infusion studies. The
means and standard deviations of the calculated clearance for each dose group administered

to cynomolgus monkeys as cither 4 or 6 hour IV infusions.



1.127 3.381 5 ND ND ND 0.25 0.25 0.25 30% Ethanol 0.789 1.184 10%
Tween-80 1.064 0.532 D 60% Crenophor EL 1.05 3.150 5 3 3 3 0.17 0.5
0.5 35%Wohareai1sfin789 1. 381 PCT/US2011/046260

[000035] Figures 20A and 20 B show plasma concentration time curves for different
regimens of administration of either 20 or 30 mg/kg ST-246 to cynomolgus monkeys. The
mean and standard deviation values for the plasma concentrations over time are shown for
different dosing regimens of (Fig. 20 A) 20 mg/kg or (Fig. 20B) 30 mg/kg. The dosing
regimens included oral administration (3 males and 3 females in each dose group), 4 hour
IV infusion (2 males and 2 females in each dose group), 6 hour IV infusion (2 males and 2
females in each dose group), and BID two 4 hour IV infusions initiated 12 hours apart (4

males and 4 females in ecach dose group).

DETAILED DESCRIPTION OF THE INVENTION

[000036] The present invention provides a safe and effective liquid pharmaceutical
formulation comprising a therapeutically effective amount of ST-246 and cyclodextrin, and
optionally further comprising one or more pharmaccutically acceptable ingredients selected
from the group consisting of carrier, excipient, diluent, additive, filler, lubricant,
solubilizer, preservative and binder. In one embodiment, cyclodextrin is hydroxypropyl-p-
cyclodextrin. In another embodiment, hydroxypropyl-p-cyclodextrin has a degree of
substitution between about 4 to about 8. In yet another embodiment, said cyclodextrin is

sufobutyl ether-B-cylodextrin.

[000037] In one aspect of the invention, hydroxypropyl-B-cyclodextrin is present in
amounts ranging from about 10% to about 50% by weight, more preferably about 20% to
about 40% by weight. In yet another aspect of the invention, the liquid pharmaceutical
formulation is adjusted to have pH between about 3 and 12, more preferably between about
3 and 10. In yet another aspect of the invention, the instant liquid pharmaccutical
formulations are suitable for oral, parenteral, mucosal, transdermal or topical

administration.

[000038] The invention also provides for methods of treating orthopoxvirus infections
comprising administering to a subject in need thereof a liquid pharmaceutical formulation
comprising a therapeutically effective amount of ST-246 and cyclodextrin and further

comprising one or more pharmaceutically acceptable ingredients selected from the group



5% Tween-80 1.064 0. 266 E 60% Crenmophor RH 40 1.06 3.180 5 3 18 18
0.25 0.5 0.5 35%PEG 400 1.127 1.972 5% Et hanol 0.789 0.197
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consisting of carrier, excipient, diluent, additive, filler, lubricant and binder. In one
embodiment, cyclodextrin is hydroxypropyl-pB-cyclodextrin. In another embodiment,
hydroxypropyl-pB-cyclodextrin has a degree of substitution between about 4 to about 8. In

yet another embodiment, cyclodextrin is sufobutyl ether-B-cylodextrin.

[000039] The instant methods also include a method of treating eczema vaccinatum
comprising administering to a subject in need thereof a therapeutically effective amount of
instant liquid formulation. According to the instant invention, the instant liquid
pharmaceutical formulation can be administered via oral, parenteral, mucosal, transdermal

or topical route of administration.

[000040] The instant invention also provides for a process of making instant liquid
formulation comprising the steps of a) mixing ST-246 with cyclodextrin and b) optionally
filtering the mixture of step a). The instant process comprises ST-246 which is selected
from the group consisting of polymorphic Form I, Form II, Form III, Form IV, Form V and
Form VI.

[000041] In one embodiment, cyclodextrin is hydroxypropyl-B-cyclodextrin. In another
embodiment, hydroxypropyl-B-cyclodextrin has a degree of substitution between about 4 to

about 8. In yet another embodiment, cyclodextrin is sufobutyl ether-B-cylodextrin.

[000042] In onc aspect of the invention, the instant process comprises mixing ST-246 with
cyclodextrin in a pharmaceutically acceptable liquid carrier for about 15 min to 72 hours.
In another aspect of the invention, the instant process comprising mixing ST-246 with
cyclodextrin in a pharmaceutically acceptable liquid carrier at a temperature range from
about 28°C to about 70°C. In one embodiment, the pharmaceutically acceptable liquid

carrier 1s water.

[000043] In yet another aspect of the invention, a unit dosage liquid formulation is
provided comprising: a) ST-246 content ranging from about 2 mg/ml to about 20 mg/ml; b)
hydroxypropyl-B-cyclodextrin content ranging from about 12.5 mg/ml to about 40 mg/ml;
and c) optionally comprising mannitol, trehalose dehydrate, lactose monohydrate, and

purified water such that the total volume of the liquid formulation is about 100 ml. In one
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embodiment, the pH is adjusted to a range from about 3.0 to about 5.0 using 0.1
HCL/NaOH. In another embodiment, the pH is adjusted to a range from about 3.0 to about

5.0 using citrate buffer.

[000044] In yet another aspect of the invention, a unit dosage liquid formulation is
provided comprising: a) ST-246 ranging from about 2 mg/ml to about 20 mg/ml; b)
hydroxypropyl-B-cyclodextrin content ranging from about 12.5 mg/ml to about 40 mg/ml;
and c¢) optionally comprising one or more pharmaceutically acceptable ingredient selected
from the group consisting of: polyethylene glycol 400, polysorbate 80, polyethylene glycol
300, and purified water such that preferably, the total volume of the liquid formulation is
about 100 ml. In one embodiment, a pH is adjusted to 3.0 to 5.0 using 0.1 HCL/NaOH. In
another embodiment, the pH is adjusted to a range from about 3.0 to about 5.0 using citrate

buffer.
Definitions

[000045] In accordance with this detailed description, the following abbreviations and

definitions apply. It must be noted that as used herein, the singular forms “a,” “an,” and

“the” include plural referents unless the context clearly dictates otherwise.

[000046] The term “pharmaceutical composition” or “pharmaceutical formulation” is
intended to encompass a drug product including the active ingredient(s), pharmaccutically
acceptable excipients that make up the carrier, as well as any product which results,
directly or indirectly, from combination, complexation or aggregation of any two or more
of the ingredients. Accordingly, the pharmaceutical compositions of the present invention
encompass any composition made by admixing the active ingredient, active ingredient
dispersion or composite, additional active ingredient(s), and pharmaceutically acceptable

excipients.

[000047] The term "half-life" is a pharmacokinetic term used to indicate the length of time

necessary to eliminate 50% of the remaining amount of drug present in the body.

[000048] The term "AUC" (i.c., "area under the curve," "area under the concentration

curve,” or "area under the concentration-time curve") is a pharmacokinetic term used to
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refer a method of measurement of bioavailability or extent of absorption of a drug based on
a plot of an individual or pool of individual's blood plasma concentrations sampled at
frequent intervals; the AUC is directly proportional to the total amount of unaltered drug in
the patient's blood plasma. For example, a linear curve for a plot of the AUC versus dose
(i.e., straight ascending line) indicates that the drug is being released slowly into the blood
strecam and is providing a steady amount of drug to the patient; if the AUC versus dose is a
linear relationship this generally represents optimal delivery of the drug into the patient's
blood stream. By contrast, a non-linear AUC versus dose curve indicates rapid release of
drug such that some of the drug is not absorbed, or the drug is metabolized before entering

the blood stream.

[000049] The term "C-pax" (i.c., "maximum concentration") is a pharmacokinetic term

used to indicate the peak concentration of a particular drug in the blood plasma of a patient.

[000050] The term "Tpa" (i.c., "time of maximum concentration™ or "time of Cpax") 1S a
pharmacokinetic term used to indicate the time at which the Cpax is observed during the
time course of a drug administration. As would be expected, a dosage form that would
include an immediate release as well as a gastric retentive component would have a Tiax
that is higher than the Cpax for an immediate release dosage form, but lower than the Tpmax

for a purely gastric retentive dosage form.

[000051] As used herein, the term "subject” for purposes of treatment includes any
subject, and preferably is a subject who is in need of treatment of an orthopoxvirus
infection or related condition. The subject is typically an animal, more typically is a

mammal. Preferably, the mammal is a human.

[000052] The term "chemically modified cyclodextrin” refers to one or more chemically
modified cyclodextrins where there is independently more than one degree of substitution
that can vary from about 0.5 to about 10.0. The degree of substitution (the mean number of
functional groups per glucose unit) of the chemically modified cyclodextrin can vary as
need to provide the necessary solubility and stability of the ST-246. For example, the
degree of substitution can be between from about 0.5 to about 10.0. For a chemically
modified cyclodextrin such as 2-hydroxypropyl-B-cyclodextrin, the degree of substitution
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[000053] The term "poorly soluble therapeutic agent" refers to a compound having
biological activity and a solubility in water of less than about 1 mg/mL in buffer of pH 1.2
to 7 at 20°C25 C and 37 degree. In certain embodiments, the poorly soluble therapeutic
agent is an organic compound that has a molecular weight of less than 1500 g/mol, and
preferably less than 500 g/mol. In certain embodiments, the poorly soluble therapeutic
agent is a compound, for example, an organic compound, having an aqueous solubility of
less than about 0.5 mg/mL, less than about 0.3 mg/mL, or less than about 0.1 mg/mL, at pH
7 and 20°C.

[000054] As used herein, "therapeutically effective amount” refers to an amount of ST-246
that is nontoxic but sufficient in preventing or ameliorating the severity of orthopoxvirus

infection or related condition.

[000055] As used herein, "percent," "percentage” or the symbol "%" means the percent of
the component indicated in the composition based on the amount of the carrier present in
the composition, on a weight/weight (w/w), weight/volume (w/v) or volume/volume (v/v)
concentration, as indicated with respect to any particular component, all based on the
amount of the carrier present in the composition. Thus, different types of carriers can be
present in an amount of up to 100% as indicated, which does not preclude the presence of
the API, the amount of which can be indicated as a % or as a certain number of mg present
in the composition or a certain number of mg/mL present, where the % or mg/mL is based
on the amount of the total carrier present in the composition. Certain types of carriers can

be present in combination to make up 100% of the carrier.

[000056] A term "pharmaceutically acceptable carrier” as used herein is non-toxic or has
certain toxic attributes that are not dose limiting to achieve therapeutic advantages to
recipients at the dosages and concentrations required and is compatible with other

ingredients of the formulation.
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[000057] The term "pharmaceutically acceptable excipient," includes vehicles, adjuvants,
or diluents or other auxiliary substances, such as those conventional in the art, which are
readily available to the public, and which are non-toxic or have acceptable toxicities to
recipients at the dosages and concentrations employed, and is compatible with other
ingredients of the formulation. For example, pharmaceutically acceptable auxiliary
substances include pH adjusting and buffering agents, tonicity adjusting agents, stabilizers,

preservatives, solubilzers, wetting agents and the like.

Cyclodextrins

[000058] Cylodextrins are water soluble sugar oligomers. Many different cyclodextrins
exist and are distinguished from each other by the number of glucopyranose units. The
most common cyclodextrins are composed of six, seven or eight alpha-D-glucose units.
Cyclodextrins form structures having cavities which are hydrophilic on the outside and
lipophilic on the inside. The number of glucose units determines the size of the cavity.
The hydrophilic exterior gives cyclodextrins their solubility in aqueous solutions while the
lipophilic interior or cavity provides an environment which is often attractive to other
hydrophobic molecules. By sequestering the drug in the hydrophobic core, it is solubilized
with the cyclodextrin molecule so forming an aqueous soluble complex. Cyclodextrins can
take up the entirety of a molecule or only a part thereof into the cavity. The stability of the

resulting complex depends on how well the drug molecule fits into the cyclodextrin cavity.

[000059] There is still a high degree of unpredictability with regards to whether
cyclodextrins will improve the solubility of a particular drug, such as for example ST-246.
Unexpectedly, a novel liquid formulation comprising cyclodextrins has been identified
which is shown to provide adequate solubility of ST-246 and which could be delivered to

subjects in safe and effective manner.

[000060] Cyclodextrins suitable for use in the compositions, formulations, and methods
herein disclosed are generally cyclic oligosaccharides with a cone-like shape. The interior
of the cone acts as a hydrophobic cavity, while the exterior of the cone is hydrophilic. The
former property enables cyclodextrins to form inclusion complexes with a wide variety of

lipophilic molecules or portions thereof, which "fit" into the cavity while the latter property

11
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Chemically Modified Cyclodextring

[000061] The cyclodextrin suitable for use in the compositions, formulations, and methods
herein disclosed preferably are chemically modified cyclodextrins. The chemically
modified cyclodextrins can include derivatives of a-cyclodextrin, B-cyclodextrin, Gamma
cyclodextrin or 8-cyclodextrin. The chemically modified cyclodextrins can include, but are
not limited to methyl-B-cyclodextrin, 2-6-di-O-methyl-B-cyclodextrin, randomly
methylated-B-cyclodextrin, ethyl-B-cyclodextrin, carboxymethyl-B-cyclodextrin,
diethylaminocthyl-B-cyclodextrin, 2-hydroxypropyl-B cyclodextrin, 3-hydroxypropyl-p-
cyclodextrin, 2, 3-dihydroxypropyl-pB-cyclodextrin, and sulfobutyl ether-B-cyclodextrin.
Preferably, the chemically modified cyclodextrin is 2-hydroxypropyl-p-cyclodextrin, 3-
hydroxypropyl-B-cyclodextrin, 2, 3-dihydroxypropyl-B-cyclodextrin, and sulfobutyl ether-
B-cyclodextrin. More preferably, the chemically modified cyclodextrin is 2-
hydroxypropyl-B-cyclodextrin or sulfobutyl ether-B-cyclodextrin. Preferably, the degree of
substitution for 2-hydroxypropyl-B-cyclodextrin is between 4 and 8.

[000062] The preparation of pharmaceutical formulations as herein disclosed involves
dissolving the chemically modified cyclodextrin in a suitable volume of aqueous carrier
medium (for example, water for injection), removal of oxygen (for example, with nitrogen,
inert gas, or freeze-thaw under vacuum), followed by the gradual addition of ST-246 to the
cyclodextrin solution under vigorous stirring until essentially all of the ST-246 has been
complexed and is in solution. The temperature of the cyclodextrin solution can be between
0°C-80°C. Preferably the temperature of the cyclodextrin solution is maintained between
about 2°C -70°C degrees.

[000063] After addition of the ST-246, the solution can be brought to a final volume with
de-oxygenated aqueous carrier medium. The solution can then be sterilized, for example,
by filtration and/or aseptically transferred to vials or ampoules. The solution can be

transferred directly to ampoules for sterilization by autoclaving or irradiation. The vials or

12
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ampoules can be scaled under an inert gas, such as nitrogen. The molar ratio of ST-246 to
chemically modified cyclodextrin can be for example about 0.03 mol/mol. Preferably, the
molar ratio of ST-246 to chemically modified cyclodextrin is about 0.01 to about 1.0 .
More preferably, the molar ratio of ST-246 to chemically modified cyclodextrin is about
0.03 to 0.15 mol/mol.

Pharmaceutical Compositions

[000064] Pharmaceutical compositions and single unit dosage forms comprising a
compound of the invention, or a pharmacecutically acceptable polymorph, prodrug, salt,
solvate, hydrate, or clathrate thercof, are also encompassed by the invention. Individual
dosage forms of the invention can be suitable for oral, mucosal (including sublingual,
buccal, rectal or nasal), parenteral (including subcutancous, intramuscular, bolus injection,

intraarterial, or intravenous), transderal, and topical administration.

[000065] Pharmaceutical compositions and dosage forms of the invention comprise a
compound of the invention, or a pharmacecutically acceptable prodrug, polymorph, salt,
solvate or hydrate thercof. Specifically, it had been previously shown in USSN
61/316,747, which is incorporated herein by reference, that ST-246 exists in different
crystalline forms denominated Form I, Form II, Form III, Form IV, Form V, and Form V1.
It had also been discovered that Form I is a monohydrate crystalline form of ST-246 which
shows an X-ray powder diffraction pattern having characteristic peaks at a reflection angle

20 of about:

7.63,10.04,11.47,14.73,15.21,15.47,16.06,16.67,16.98,18.93,19.96,20.52,20.79,22.80,25.1
6,26.53,27.20,27.60,29.60,30.23,30.49,30.68,31.14,33.65,34.33,35.29,35.56,36.30,37.36,3
8.42,38.66 degrees.

[000066] It had also been shown that Form II is an anhydrate crystalline form of ST-246.
Form II shows an X-ray powder diffraction pattern having characteristics according to

Figure 12.

13
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[000068] It had been further show that Form IV is an anhydrate crystalline form of ST-
246. Form IV shows an X-ray powder diffraction pattern having characteristics according

to Figure 13.

[000069] Further, it had been shown that Form V is a hemihydrate crystalline form of ST-
246. Form VI shows an X-ray powder diffraction pattern having characteristics according

to Figure 14.

[000070] It had also been shown that Form VI is a monohydrate crystalline form of ST-
246. Form VI shows an X-ray powder diffraction pattern having characteristics according

to Figure 15.

[000071] ST-246 Form I is the preferred polymorph of ST-246. It appears to be the

thermodynamically most stable form, as all other get converted to Form-I.

[000072] ST-246 Form 1 is stable and hence can be stored at ambient conditions. Form 1
has not been shown to convert to another polymorphic form under several environmental
and process conditions that a drug could experience during various stages of manufacturing
and storage. Some of the conditions tested include storage at high temperature and high
humidity, room temperature and high humidity, low humidity, up to 60°C, capsule
manufacturing using wet granulation and drying, during milling or micronization process,
in suspension, long term storage at room temperature. Further, Form-I is non hygroscopic
and hence does not absorb moisture even at 90% relative humidity conditions. Form I is
reliably manufactured by the commercial crystallization process with more than 99.0%

purity and with any single impurities not more than 0.15%. The instant Examples describe
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experiments with ST-246 Form I. However, ST-246 Form II, Form III, Form IV and Form

V can be used to obtain similarly stable liquid ST-246 formulations.

[000073] Pharmaceutical compositions of the invention that are suitable for oral
administration can be presented as discrete dosage forms, such as, but are not limited to
capsules and liquids (e.g., flavored syrups). Such dosage forms contain predetermined
amounts of active ingredients, and can be prepared by methods of pharmacy well known to
those skilled in the art. See generally, Remington's Pharmaceutical Sciences, 18th ed.,

Mack Publishing, Easton Pa. (1990).

[000074] Typical oral dosage forms of the invention are prepared by combining the active
ingredient(s) in an intimate admixture with at least one excipient according to conventional
pharmaceutical compounding techniques. Excipients can take a wide varicty of forms
depending on the form of preparation desired for administration. For example, excipients
suitable for use in oral liquid or aerosol dosage forms include, but are not limited to, water,
glycols, oils, alcohols, flavoring agents, preservatives, and coloring agents. Liquid
preparations for oral administration can take the form of, for example, solutions, syrups or
suspensions, or they can be presented as a dry product for constitution with water or other
suitable vehicle before use. Such liquid preparations can be prepared by conventional
means with pharmaceutically acceptable additives such as suspending agents (e.g., sorbitol
syrup, cellulose derivatives or hydrogenated edible fats); emulsifying agents (e.g., lecithin
or acacia); non-aqueous vehicles (e.g., almond oil, oily esters, ethyl alcohol or fractionated
vegetable oils); and preservatives (e.g., methyl or propyl-p-hydroxybenzoates or sorbic
acid). The preparations can also contain buffer salts, flavoring, coloring and sweetening

agents as appropriate.

[000075] Disintegrants that can be used in pharmaceutical compositions and dosage forms
of the invention include, but are not limited to, agar-agar, alginic acid, calcium carbonate,
microcrystalline cellulose, croscarmellose sodium, crospovidone, polacrilin potassium,
sodium starch glycolate, potato or tapioca starch, pre-gelatinized starch, other starches,

clays, other algins, other celluloses, gums, and mixtures thereof.
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[000076] Lubricants that can be used in pharmaceutical compositions and dosage forms of
the invention include, but are not limited to, calcium stearate, magnesium stearate, mineral
oil, light mineral oil, glycerin, sorbitol, mannitol, polycthylene glycol, other glycols, stearic
acid, sodium lauryl sulfate, talc, hydrogenated vegetable oil (e.g., peanut oil, cottonseed oil,
sunflower oil, sesame oil, olive oil, corn oil, and soybean oil), zinc stearate, ethyl oleate,

cthyl laureate, agar, and mixtures thereof.

[000077] Parenteral dosage forms can be administered to patients by various routes
including, but not limited to, subcutancous, intravenous (including bolus injection),
intramuscular, and intra-arterial. Because their administration typically bypasses patients'
natural defenses against contaminants, parenteral dosage forms are preferably sterile or
capable of being sterilized prior to administration to a patient. Examples of parenteral
dosage forms include, but are not limited to, solutions ready for injection, dry products
ready to be dissolved or suspended in a pharmaceutically acceptable vehicle for injection,

suspensions ready for injection, and emulsions.

[000078] Suitable vehicles that can be used to provide parenteral dosage forms of the
invention are well known to those skilled in the art. Examples include, but are not limited
to: Water for Injection USP; aqueous vehicles such as, but not limited to, Sodium Chloride
Injection, Ringer's Injection, Dextrose Injection, Dextrose and Sodium Chloride Injection,
and Lactated Ringer's Injection; water-miscible vehicles such as, but not limited to, ethyl
alcohol, polyethylene glycol, and polypropylene glycol; and non-aqueous vehicles such as,
but not limited to, corn oil, cottonseed oil, peanut oil, sesame oil, ethyl oleate, isopropyl

myristate, and benzyl benzoate.

[000079] Compounds that increase the solubility of one or more of the active ingredients

disclosed herein can also be incorporated into the parenteral dosage forms of the invention.

[000080] Transdermal and topical dosage forms of the invention include, but are not
limited to, creams, lotions, ointments, gels, solutions, emulsions, suspensions, or other
forms known to one of skill in the art. See, e.g., Remington's Pharmaceutical Sciences,
18th eds., Mack Publishing, Easton Pa. (1990); and Introduction to Pharmaceutical Dosage
Forms, 4th ed., Lea & Febiger, Philadelphia (1985). Transdermal dosage forms include
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and an apotcarhibly 8 gRieh ghdrfabdiicileompbgtisEordidshdelisin dilEBe dfptic8IWHE tHak Bacpf oOne
type of cyclodextrin, hydroxyp B-cycl odextrin (HP-13-CD) and Table 6

provi des cHdpiet ‘@Picékqxé@l@tfdﬂﬁ?@epgﬁt %y eotdisadrtp ﬁ’é,ate%q@r%leeethanol cthylene
2 hy ar oy P OB P AL A RGP h A aar ARGy oo atad PSS Mg
nmol ecul ar wiagHmid880tHe480 tal flrmdptgons, tinctures, creams, emulsmns gels or ointments,
which are non-toxic and pharmaceutically acceptable. Moisturizers or humectants can also
be added to pharmaceutical compositions and dosage forms if desired. Examples of such
additional ingredients are well known in the art. See, e.g., Remington's Pharmaccutical

Sciences, 18th eds., Mack Publishing, Easton Pa. (1990).

[000082] The pH of a pharmaceutical composition or dosage form, or of the tissue to
which the pharmaceutical composition or dosage form is applied, can also be adjusted to
improve delivery of one or more active ingredients. Similarly, the polarity of a solvent
carrier, its ionic strength, or tonicity can be adjusted to improve delivery. Compounds such
as stearates can also be added to pharmaceutical compositions or dosage forms to
advantageously alter the hydrophilicity or lipophilicity of one or more active ingredients so
as to improve delivery. In this regard, stearates can serve as a lipid vehicle for the
formulation, as an emulsifying agent or surfactant, and as a delivery-enhancing or
penetration-enhancing agent. Different salts, hydrates or solvates of the active ingredients

can be used to further adjust the properties of the resulting composition.

Intravenous administration, dosage and duration

[000083] As indicated below in Example 4, a population PK model was developed to
assess the disposition of ST-246 following IV infusion in male and female uninfected
cynomolgus monkeys. A three-compartment model with dose as covariate described the
nonlinear PK (reduced clearances at higher doses) of IV ST-246. Diagnostic plots and a

visual predictive check confirmed that the observed data were reasonably well described by
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Aqueous solubility (g/100 nL): at 25C at 50C 65% 80% Deconposition

t enper at ure Above 300C Sterilization Autoclaving at 121C possi ble [000097]
Furt her, wabkbhe/iissammari zes solubility of ST-246 in aquecnassalioiizems of
vari ous grades of cyclodextrins at concentrations ranging from20 to 40%
As shown in Table 7, the range of ST-246 solubilized by cycl odextrin was
1.5to 11 ng/mM at 37C, with HP-BCD out - perform ng

sul f obut yl et her-derivati zed cycl odextrin (SBECD). The data obtained from

the conpl eﬁétpiréms&?(rﬁ&'iél.@mﬁen%’&Qﬁﬁ%@ﬂPK@a@m@Qr@iﬁ nforReYERid RifofADM,dat e for
the intravenous fornulation. WD 2012/018810PCT/ US20117 046260 Table 8 -

Sol ubi | i t ydgérmgiTe PK paiamemguiedwmassl ut i ons of Substituted 13-Cycl odextrins
at 37C. Substituted beta-CD Type and nunber of substituent groups per CD

cr:rglnggﬁlt reatS Mﬁ@"ﬁ%iﬁgjﬁt@?ﬁ?‘?%%?‘w %%ﬁ&waﬁ%r%‘g%q T %e‘é%%) SG- 08HO5M
3.2 7.4 1lcdncentBBo0iHRGivbRle8inhutnahbubjects SEOBKOR MaB ST-2A6AMbite@a@avi t ron(r)
W HP7 (1 SQnu?aiti(())nst \%er8e 'pgrfjc;irl?ﬁe%%\(?determine candidate dosing levels of IV ST-246 that would

results in similar AUC, Cmax, and Cmin values as those previously observed in healthy

uninfected humans following repeated oral administration of 400 and 600 mg ST-246.

Numerous different possible dosing regimens were simulated. Predicted AUC and Cinax

values were compared first to those observed after oral doses. Cumin values were compared

thereafter. In general, a regimen that can gencrate equivalent Cmin would require longer

infusion time with higher AUC values than the regimen that gencrates equivalent AUC and
Cma.x.

[000085] Repeated I'V infusion of 115 mg QD over 5 hours or 65 mg BID over 1 hour
would provide AUC and Cmax values at steady state very similar to those observed after oral
doses of 400 mg. Repeated IV infusion of 80 mg BID over 2 hours resulted in Cmin values at
12 and 24 hours similar to those observed following oral administration of 400 mg QD in
healthy uninfected humans. Similarly, repeated IV infusion of 145 mg QD over 4 hours or
95 mg BID over 1 hour would provide AUC and Cwmax values at steady state very similar to
those observed after oral doses of 600 mg. Finally, repeated IV infusion of 85 mg BID over
1 hour resulted in Cminvalues at 12 and 24 hours similar to those observed following oral

administration of 600 mg QD in healthy uninfected humans.

[000086] Accordingly, in one embodiment of the invention, the instant liquid
pharmaceutical formulation can be administered intravenously. Preferably, about 50 to
about 500 mg, more preferably about 200mg to about 400 mg, most preferably about 300
mg of ST-246 is infused per single session of intravenous administration. In another
embodiment, the treatment is carried out for a period ranging from about 7 to about 30
days, preferably, about 7 to about 15 days. In yet another embodiment, the duration of
cach session of intravenous administration is from about 2 to about 24 hours. In a further

embodiment, the treatment carried out continuously over the course of treatment at a
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SG 08HO5M 1.6 4.5 7.4 SG08HO6M 1.6 4.5 7.5 SG 08KO7TM 1.5 4.4 7.4
Captisol (r) (CyDex) 7 SBECD SG 08HO5M 1.0 1.6 SG 08HO6M 1.0 1.5

SG- 08HO7MvORo/alisEHo0 [ 000098] Further, Figure 5 sunmari z@sTAskubiokizey of
ST-246 as a function of cyclodextrin concentration. As shown in Figure 5,
the solubility of ST-246 increases with increased HPB-CD concentration.
Further, HP-B-CD provided for higher ST-246 solubility as conpared to
SBECD. Thus, data obtained fromthe solubilization experinments denonstrated
that the ha&@g&&f 2B ust0 385 B0 ASA RS fdr ﬁh}?n&Nerﬂ@fﬁle%ﬁieQ%g%éﬂYnﬁ th
SBECD and HP-B- CD, whereas HP-B- out perforns the SBECD in terns of ST-246
sol ubi | i zab¢ earied futcdvangiwo {ceOQBIST dFumhhesm the daiatien elgaeh passiboisnfeent o

det erm ne Bbho%ﬁ%abiujc '1%%011% ST-246 in varying concentration of HP-13-CD at
roomtenperature. For ese experinents, the contents of the vials were
brought to solubility equilibriumat a constant tenperature of 25C while

m xi ng the contents of the vial on a roto-m xer. Further, followng 72
hours of nExamgle 1t-h8T-dbkelnbHitektuidies i vatiowsxeipidnitd S ddbidindint ster.@dlul t i ng
filtrate washideqkyefactah@rantke-solaant rati on of ST-246 using RP-HPLC. The
concentrations of HP-13-CD used for the study are listed in Table 9.
Further, t 080687 udr-R46,vnahti-Shalgdx dmalMaslyéulgaddie itaiieé it beddntnisefedHy- 13- CD

followng HPLC analysis are listed ip Table 9. WO . :
2012/ 0188 1HBEH U@%@ﬂ@%&%@t%m %O%E/ Ssﬁﬂmmww apd ingphasmgcendeallys ynct i on of

HP- 13- CD cahepabic phi &@fe%tinzl@qafég? dfOW NOThedrieMESrosiakling foitdRabiCD (/ ow V)
ST-246 (nmg/ m.) HP-13 -CD f(r‘d\/[b -246 (mMV) HP-13 -CD ﬁl\/[b ST-£46 (M 00.01
0.0 formulation is a liquid formulation prepared using pharmaceutically acceptable additives.

To obtain liquid formulation, the solubility of the drug should be such that therapeutically
effective amount of drug can be delivered safely. Further, the formulation should be able
to withstand dilution in commonly used intravenous dilution fluids such as normal saline

and in blood upon injection. Since ST-246 is an insoluble drug, it poses challenges to

development of safe and effective IV solution formulation.

[000088] Unexpectedly, a composition has been identified which provides adequate

solubility of ST-246 and can be delivered to subjects in safe and effective manner.

[000089] For these experiments, varies cosolvents and surfactants were investigated for
solubilization of ST-246. For these experiments, ST-246 polymorphic Form I was used.
The solutions of cosolvents included polyethylene glycol (PEG) 400, propylene glycol,
cthanol; the solutions of surfactants included polyethoxylene castor oil , polyoxyethylene
hydrogenated castor oil (Cremophor™ EL and RH 40) polysorbates (Tween” series of
surfactants) and Solutol® HS, a polyethoxylated fatty alcohol and the polyglycolysed
glyceride, Labrasol®. In addition, the solubility of ST-246 in several oils including sesame
oil, soybean oil and corn oil was investigated. The results of the solubilization experiments

are shown in Table 1 and summarized below.
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0.04 0.00 3.9E-05 0.1 0.02 0.7 0.05 0.001 4.6E-05 0.5 0.04 3.6 0.11 0.004
1.1E-04 1 0.07 7.2 0.17 0.007 1.7E-04 2 0.13 14.4 0.33 0.01 3.3E-04 2.5
0.15 18. OWO0.28i2/08€08 3. 7TE-04 5 0.32 35.9 0.81 0.04 8. 1E- 0¢TAG20.1046280 9 2. 28
0.07 2.3E-03 12.5 1.35 89.8 3.42 0.09 3.4E-03 20 3.07 143.8 7.79 0.14

Table 1 - Solubility of ST246 Form I Monohydrate in Various Excipients

Excipients ST-Z(‘:ggS/E:El)nhty Excipient Description

Ile};c;s‘ghate Bufer, <0.1, Insoluble

Water <(.1, Insoluble

0.0IN HCl <0.1, Insoluble

PEG 400 127 Polyethylene glycol

Labrasol 82 Caprylocaproyl Polyoxylglycerides

Ethanol 75

Propylene Glycol 43

Tween 80 22 Polysorbate 80

Cremophor EL 17 Polyoxyethylated castor oil

Cremophor RH-40 17 Glycerol‘-polyethylene glycol oxystearate
Castor oil

Plurol Oleique 6 Polyglyceryl Oleate

Lauroglycol FCC 4 Propylene glycol monolaurate

Labrafil IL M 3 Lauroyl polyoxylglycerides

Labrafac Lipophile 2 Medium Chain Triglycerides

Sesame oil 1

Soy oil 1

Oils <1 Flax, Corn, Olive

[000090] As shown in Table 1, PEG 400 demonstrated the greatest ST-246 solubilization
followed by Labrasol®, ethanol, Propylene Glycol, Tween 80, Cremophor EL and
Cremophor RH-40, all of which were identified as potential intravenous formulation
candidates. Thus, based upon the solubility data, PEG 400 and ethanol were sclected for
cosolvent combination analysis. The absolute solubility of ST-246 in oils was less than 5

mg/ml climinating them as possible IV formulation candidates.

[000091] Based on the results of these experiments, a multitude of formulations containing
the selected excipients at varying concentrations were created. Thus, the instant
formulations were diluted with IV dilution fluid, 5% dextrose and 0.05mM, pH 7.5,
Phosphate buffer to make sure that formulation withstand dilution at least for 12 hours.

The results obtained established that all of the combinations tested were sub-optimal for a
prolonged IV infusion. Even when the quantity of ST-246 was reduced from 10 mg/mL to

5 mg/mL the solution stability was extended by less than 2 hrs indicating that cosolvents
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7.8E-03 30 6.33 215.6 16.05 0.22 1.6E-02 40 10.93 287.5 27.72 0.29 2.8E-02
[ 0000100] The next series of experinents were done to determne solubility
of ST-246wpreodPssuwy HP- B- CD conposition as a function eCTiuSaqpenat26 e.
These experinments determ ned that the concentration of ST-246 in
conposition increased with increasing tenperature. As sunmarized in Figure
7, a maximumsolubility of 21.23 ng/nL was obtained with a 40% w v HP-13-CD
concentration at 70C. [0000101] The next series of experiments investigated
the sol ubilif s)ﬁrfﬁf:tarﬁlhl%é? wWoltidiR BRI SPRPRSIEIAM ilkablc§SESES40T TIRR: RRLIVENt S/
surfactants. The results of theSe experinments are sumrari zed in Table 10
and Fi gur ec@® befgumlindehle X r om t he results of the experinents, presence of
cosol vent s/ surfactant can inprove solution properties of drug in HP-B-CD
upon dilution and al so hel ps di ssolve drug nuch faster in HP-B-CD. WO
2012/ 018810PCT/ US2011/ 046260 Table 10 - Solubility of ST-246 in the
presence of cosolvents at various tenperatures Tenperature (C) 40% W v)
HPBCD+ 2.5% w v) tween 80 40%w v) HPBCD+ 2.5% w v) PEG 400 40% w v) HPBCD
4 6.29 5.47 6.05 25 7.57 9.21 10.59 40 11.16 12.99 12.23 60 16.24 17.41
16.21 [0000102] Solubility data presented in Table 10 suggest that
presence of cosol vent (PEG 400) or non-ionic surfactant (tween 80) does not
i nprove ST-246 solubility in HP-B-CD and hence no further work was done to
eval uate ternary conpl exation. [0000103] Further series of experinents were
carried out to identify a pH range for maxi numsolubility of ST-246 in
HPBCD conposi tion. For these experinents, various conposition of ST-246 in
40% HPBCD was prepared with pH ranging from4.0 to 10.5. The conposition
was prepared at 25 C and 2C -8C. The followi ng table consists of the
conposi tion studied and the buffer evaluated in the pH range of 4.0 through
10.5. The results of these experinents are sunmari zed in Table 11. Table 11
- Conpositions of fornulations tested for the effect of pH on solubility of
ST-246 Sanple # Kl eptose HP-13-CD (/ow v) pH Buffer ST246-027-1 40 4.0 50
mM Ci trat e/ Phosphat e ST246-027-2 4.5
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ST246-027-3 5.0 ST246-027-4 5.5 ST246-027-5 6.0 50 mM Phosphate

ST246-027-6 6.5 ST246-027-7 7.0 ST246-027-8 7.5 ST246-027-9 8.0
ST246- 02 wW0Q0120188180 mM G yci ne ST246-027-11 9.5 ST24@C0A/52d12/046260 O
2012/ 018810PCT/ US2011/ 046260 ST246-027-1310.5 [0000104] For these

experi nmen

pH buf fered HP-B-CD sol uti ons.

ts,

WO

an excess of ST-246 was added to vials containing 5 nL of the

The sanples vials were rotom xed for nore

than 72 hours at 2-8 C and 25 C. Sanples were filtered using a 0.2um PVDF
menbrane firhgRr: apd-soll@nf ColbaiRiNeT olidibingd ARAMPHTIALSH oARHy Fakxged for

ST-246 co

ng

$Ng

RP- HPLC. Furt her,
before and after the solubility study was initiated.

the pH of the sanples was nonitored
pH nmeasurenents

i ndi cated that there were no significant cha

;

sanpl es hjave reached equilibrium The sol ubi
osition as a function of va

HPBCD co

rving ph

goutibeharg. a
i Stabiyf HEFH-IR 4
H i S"d¥HI®t ed

N hirfich SKelf Like
6 $hiydpedini 1)
iSPPYEPRBRPIET-D

40%

[ 0000105]
an i ncrea
seri es of

g‘ﬁ\nsple 0'9\{\[1]
o | ol

exp

I ne

f r dmaipdenQ {
nts, scal 4

in Figure

PUp S

De?l’ itx P
Qg/igs

Cr eA5E |
5 M nj

cipoininatipil- 8C

n So

ecta

ubi
hngd

lity
26Q.
Dl e

was
Reor
16 (4

obsel
t he i
ave |

ved
16X
DEET]

W th

initiated
with HP-B
par ent er

uncher

S tangnd: he

efdse

C 1. 68f

batch 3

J

—
F

c§§°/l° H

ilt:btt: EXPE
S4

rrire

RS

B 1??30

or nul at

m t hese

ize
i ons

|
st ud

ST- 2
bn clonpl
ha que

V|
es lhave

pxat i
en! pr
been

on of
epar ¢
pla

ST
b
ted

- 246
si ng
on

stability

degradat i
formul ate
ST-246 r

c abed

S te@Ppag BH 1

A t160e

2309 |

éte.

and, warm i

hanol

dhd4@s s

GB81p

EtA
S

Urity ug

2 4651h HOO

Pl

N6, sForr
Sui t abl

H o
U auilirr

m dBuit’ 2

i UIT.

i

hbout  2(

2 Ct
,((450_0)? i? -eo'(ggu‘lné'%()

i ng
n \p
e do
ng/

HPL C
D
5age)
L and HP

to
| Nb,
for

I?d
E i me
F ociH
det e

loYs
s C(
BCD,

[ ftey

-t ot

1
val

on
Tty

S

t any
Vo.aN(
npri §
rangi

1024l
b es
ng

wer e

from

about 12.
conpri ses
wat er suc
For t hese

0 caRGut: £i4(

113,1IsoQ

bt i onal |

tTetat oy

1 ](:‘)t?a%q \/(

S

TYOr.a
af®'t

e, J act
ne |iqui

onssen-gthe

o]

ny.265e

adj ust ¢

y, t
osge
dfo
bd an

he flormu
monohydr
Fmuljati o
0 nEli nt a

ati @
At &,
his
ned

ns fi
and |
about
form

ir t h
L1

10
2.5

er

fied

oml.
to

6.0, by u
i ncl udi ng
The above
Table 12

Conposi ti

o )

I'Losd
ace

crtbe

0 I"FGaiod f

orlf

avi2o

C13440M
ot @ |

N CitTaf
tartard
NS are s

o —H

anp

1 1. D

e Ofim&HNP(

1 4

Si7kd

P3970

5 ng/;

€ bu
it e,
u
IL ST

b b

rer an

i ne,
d'¥n

- 246 |V

0 ot I
| ud

Yabl

f or m|

er Dl
or oni
ed’1]
| ati ¢

T T 6

~

DNS

C 4
p944.

rs
cid.

I 12
35%

O T o
Cremophor RH 40

1.06

1.855

60%

PEG-400

1.127

3.381

5%

Ethanol

0.789

0.197

0.08

0.5

0.5

30%

Cremophor RH 40

1.06

1.590

30%

PEG-400

1.127

1.691

40%

Ethanol

0.789

1.578

0.17

0.33

0.33

30%

Cremophor RH 40

1.06

1.590

40%

PEG-400

1.127

2.254

30%

Ethanol

0.789

1.184

0.08

0.5

0.5

40%

Cremophor RH 40

1.06

2.120

30%

PEG-400

1.127

1.691

30%

Ethanol

0.789

1.184

ND

0.25

0.5
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51617 819 10 111 112 Ingredient Quantity for 100 nL (g) ST-246 0.5 0.5
0.50.50.50.50.50.50.50.50.5 0.5 HPBCD 40 40 40 40 40 40 40 40 40 40
40 40 NMarwDt2012/018810 Trehal ose Di hydrate - - - - PCT/US2011/046260

Example 2 - Composition of ST-246 in various concentrations of cosolvents/surfactant
in water.

[000092] Based upon the solubility data obtained from the neat formulation as described
in Example 1, further formulation studies of ST-246 were performed in conjunction with
selected excipients diluted to various concentrations. These results are summarized in
Table 3. For these experiments, the analyzed excipients included Cremophor EL,
Cremophor RH-40, Ethanol and PEG 400. The concentrations were determined by HPLC

analysis at 24 hours and 48 hours.

Table 3 - Composition of ST-246 in Aqueous Solutions of Excipients (0.5 to 10% w/v)

pg/ml ST-246 pg/ml ST-246
Excipient % wivin H20
24 hrs 48 hrs
0.5 10 8
2.0 28 26
4.0 48 49
Cremophor EL
6.0 71 74
8.0 92 98
10.0 115 116
0.5 12 10
2.0 26 25
4.0 47 46
Cremophor RH 40

6.0 71 72
8.0 96 101
10.0 120 120
0.5 8 3
2.0 12

4.0 10

Ethanol

6.0 22 14
8.0 10 4
10.0 15

0.5 6
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111- - - Lactose Monohydrate - - - - - - - - - 111 pH adjusted to 3.0
to 5.0 using 0.1 N HCV/NaOH - g.s. - - g.S. - - 0.S. - - (0.S. - pH adjusted
to 3.0 towb.201vm=B819 citrate buffer - - g.s. - - g.s. - PCHUS20H/046260 S.
Purified water QS. (niL) 100 100 100 100 100 100

20 8 7
4.0 2 2
6.0 2 2
8.0 2 2
10.0 3 3

[000093] Further, additional excipients investigated included two types of cyclodextrins
(HP-B-CD and SBECD), two types of pegylated phospholipids with different molecular
weights (i.e PEG-Phospholipid-2000 and PEG Phospholipid-5000) as well as the
surfactants Tween 80 and Solutol HS and the solvents Propylene glycol and Dimethyl
acctamide (DMA). Aqueous solutions of these excipients were prepared at a
concentration range of 0.5 to 10% w/v in water and solubility of ST-246 in these solutions
was determined by HPLC analysis at 24 and 48 hours. The results of these experiments

are summarized in Table 4 and Figures 1, 2 and 3.

Table 4 - Composition of ST-246 in Aqueous Solutions of Excipients (0.5 to 10% w/v)

pg/ml ST-246 pg/ml ST-246
Excipient % wiv in H20
24 hrs 48 hrs
0.5 9 7
2.0 12 10
DMA 4.0 2 2
6.0 5
8.0 2
10.0 3 3
0.5 22 19
2.0 45 43
Sulfylbutylether CD 9 %0 o0
6.0 99 96
8.0 138 148
10.0 186 177
PEG Phospholipid-2000 0.5 8 8
2.0 21 21
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100 100 100 100 100 100 Tabl e13 - Exanples of conpositions of 10 ng/nL

ST-246 |1V formul ations Conposition # 13 114 15 116 17 118 119 20 | 21 22 |
23 | 24 IwgnretmasgioQuantity for 100 nmL (g) ST-246 0.7 5POTUS2010/0¥6260 0. 7 5
0.750.750.750.750.750.750.75 0.7 5 HPBCD 40 40 40 40 40 40 40

4.0 38 40
6.0 ND ND
8.0 ND ND
10.0 103 97
0.5 5 4
2.0 11 10

PEG Phospholipid-2000 9 25 27
6.0 ND ND
8.0 ND ND
10.0 66 60

[000094] Further, the data obtained from solubility of ST-246 in various vehicles in water
was used to analyze solubilization efficiency of each excipient. Table 5 below is a
summary of the solubilization efficiency as measured by the slope of the trend lines of ST-
246 concentration plotted against % w/v of the excipients in water; the larger the slope, the
greater the solubilization efficiency. The excipients are ranked in order based upon the
magnitude of the solubilization efficiency with the excipient with the highest ST-246
solubilization efficiency in aqueous solutions ranked as number one. Column 5 represents

the solubility of ST-246 determined in mg/ml in pure (neat 100%) excipients.

Table 5 - Summary of ST-246 Solubilization in Aqueous Solutions of Excipients

- Solubility Solubilization ST-246
Solubility . e
- Curve Efficiency Rank Solubility in
Excipient Curve Slope Lz
(24 hrs) Slope Order (slope of trend | Neat Excipient
(48 hrs) line) (mg/ml)
~0.8/ml in
y=79.909x - | y=81.46x - 10%w/w
HPBCD 69.594 77.217 1 HPBCD
R2=0.97 R2 =0.97 solution in
water
y=13.627x+ | y=16.884x ~0.18 in 10%
SBECD 15.477 =5.359 2 SBECD solution
R2=0.99 R2 =0.98 in water
y=11.485x+ | y=11.953x
Crgﬁofgor 3.64 +1.4409 3 17
R2 =0.998 R2 =0.997
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40 40 40 40 40 Manni tol

Trehal ose D hydrate - - - - - - 1
- - Lactose Monohydrate - - - - - - - - - o]

111 pHadjusted to 3.0t

11
5.0

usi ng 0. IwdDI2piOXaussw - g.s. - - g.S. - - (Q.S. - PCT/US2011/046260
y=10.979x + | y=11.503x
Cremophor EL 48813 +3.4726 4 17
R2=0.999 | R2=0.998
y=10.338x+ | y=9.905x
Tween8&0 0.8229 +0.816 5 22
R2=0.9985 | R2=0.9995
PEG y=10.138x+ | y=9.425x
Phospholipid - 0.7815 +2.606 6 NA (solid)
2000 R2 =0.998 R2=1.00
y=94708x+ | y=9.217x
Solutol HS 15 1.105 +0.6869 7 Not done
R2=0.9993 | R2=0.9994
PEG y=6.5811x - | y=6.0211x
Phospholipid - 0.5495 +0.2705 8 NA (solid)
5000 R2=0.996 | R2=0.9954
y=0.5619x+ | y=0.1022x
Ethanol 10.025 +5.3352 9 75
R2=0.1676 | R2=0.0079
y=-0.004x + | y=10.0235x
PG 3.0472 +1.4007 10 43
R2=0 R2 =0.0291
y =-0.4758x Yy
PEG 400 +6.1872 | 0-8%6x+ 1 127
R2=0.4717 6.8136
' R2 =0.5844
y=-0..8313x | y=-0.6674
DMA +10.026 =8.256 12 ND
R2=0.566 | R2=0.5437
ND = Not done

[000095] Comparison of columns 4 and 5 in Table 5 reveals that the excipient in which

ST-246 has the highest solubility (column 5) does not necessarily correspond to the

solubility of ST-246 of that excipient diluted with water (column 4). The data obtained

from the solubilization experiments demonstrated the highest solubilization efficiency was

demonstrated by the two cyclodextrins with HP-B-CD being the most efficient followed by
SBECD. Among all the surfactants tested, the CremophorEL and Cremophor RH-40

exhibited maximum solubilization capacity followed by Polysorbate 80. Between the two
PEG phospholipids, PEG phospholipid-2000 was a better solubilizer than PEG
phospholipid-5000.
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- g.S. - pHadjusted to 3.0 to 5.0 using citrate buffer - - q.s. g.s. -
- Qq.S. - - Qq.s. Purified water QS. (nL) 100 100 100 100 100 100 100 100
100 100 WO 200M188iabl e 14 - Exanpl es of conpositions of PC2AB20mg/ond266T- 246
'V formul ati ons Conposition # 251 26 27 1 28 29 1 30 131 32 1 33 341 351
36 Ingredient Quantity for 100 nL (g) ST-246 1 111111

Example 3 - ST-246 solubility with complexing agents:

[000096] Further experiments investigated solubility of ST-246 in cyclodextrins.
Cyclodextrins contain a torus-shaped ring with a polar hydrophilic outside and an apolar
hydrophobic cavity. Figure 4 illustrates the structure of one type of cyclodextrin,
hydroxypropyl-B-cyclodextrin (HP-B-CD) and Table 6 provides characteristics summary of

cyclodextrins.

Table 6 - Characteristics of cyclodextrins

Generic name 2-hydroxypropyl-p-cyclodextrin
Appearance White amorphous powder
Average molecular weight 1380-1480 daltons

Aqueous solubility (g/100 mL):

at 25°C 65%

at 50°C 80%

Decomposition temperature Above 300°C

Sterilization Autoclaving at 121°C possible

[000097] Further, Table 7 summarizes solubility of ST-246 in aqueous solutions of various
grades of cyclodextrins at concentrations ranging from 20 to 40%. As shown in Table 7,
the range of ST-246 solubilized by cyclodextrin was 1.5 to 11 mg/ml at 37°C, with HP-B3-
CD out-performing sulfobutylether-derivatized cyclodextrin (SBECD). The data obtained
from the complexation experiments supported HP-B-CD as a potential candidate for the

intravenous formulation.
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11111 HPBCD 40 40 40 40 40 40 40 40 40 40 40 40 Mannitol
Tr ehal ose D hydrate - - - - - - 111 - - - Lactose Mnohydrate - - -

1 IWO 2012/018810

PCT/US2011/046260

Table 8 - Solubility of ST-246 in Aqueous Solutions of Substituted p-Cyclodextrins at

37°C.
Type and ST-246 solubility
. number of (mg/mL) at 37°C
Slll)l;::_tgg d substituent ST-246 lot # CD concentration
groups per CD
olecule 20% | 32% | 40%
Cavitron® SG-08HO5M 3.2 7.4 11.0
W7HP5 [4.1t05.1HP-BCD| SG-08HO6M 33 7.3 11.5
(ISP) SG-08KO7M 3.1 7.4 11.0
Cavitron™ SG-08HO5M 1.6 4.5 74
W7HP7 [6.0to8.0HP-BCD| SG-08HO6M 1.6 4.5 7.5
(ISP) SG-08KO7M 1.5 4.4 74
Cantisol® SG-08HO5M — 1.0 1.6
(CpDex) 7 SBECD SG-08HO6M — 1.0 15
Y SG-08HO7M _ 1.0 1.5

[000098] Further, Figure 5 summarizes solubility of ST-246 as a function of cyclodextrin
concentration. As shown in Figure 5, the solubility of ST-246 increases with increased HP-
B-CD concentration. Further, HP-B-CD provided for higher ST-246 solubility as compared
to SBECD. Thus, data obtained from the solubilization experiments demonstrated that the
highest ST-246 solubilization efficiency was achieved by both SBECD and HP-B3-CD,
whereas HP-B-CD outperforms the SBECD in terms of ST-246 solubilization efficiency.

[000099] Further studies were performed to determine the solubility of ST-246 in varying
concentration of HP-B-CD at room temperature. For these experiments, the contents of the
vials were brought to solubility equilibrium at a constant temperature of 25°C while mixing
the contents of the vial on a roto-mixer. Further, following 72 hours of mixing, the
contents of the vial were filtered and the resulting filtrate was analyzed for the
concentration of ST-246 using RP-HPLC. The concentrations of HP-B-CD used for the
study are listed in Table 9. Further, the solubility of ST-246 by varying the concentration
of HP-B-CD following HPLC analysis are listed in Table 9.
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1 pH adjusted to 3.0 to 5.0 using 0.1 N HCV/NaOH - g.s. - - g.S. - - Q.S. -
- q.Ss. - pHadjusted to 3.0 to 5.0 using citrate buffer - - g.s. - - ¢g.s. -
g.s. - woaor/o188wnified water QS. (mL) 100 100 100 10@CTOB2W004626@® 100
100 100 100 100 Table 15 - Exanples of conpositions of 15 ng/nL ST-246 |V

formul ations Conposition # 37 | 38 39 1 40 41 1 42 1 43 44 | 45

Table 9- Solubility of ST-246 as a function of HP-B-CD concentration at 25°C
following 72 hours shaking

HP-  -CD ST-246 HP- 3 -CD ST-246 HP-  -CD ST-246
(%w/v) (mg/mL) (mM) (mM) (M) (M)

0 0.01 0.0 0.04 0.00 3.9E-05
0.1 0.02 0.7 0.05 0.001 4.6E-05
0.5 0.04 3.6 0.11 0.004 1.1E-04

1 0.07 7.2 0.17 0.007 1.7E-04

2 0.13 14.4 0.33 0.01 3.3E-04
2.5 0.15 18.0 0.37 0.02 3.7E-04

5 0.32 35.9 0.81 0.04 8.1E-04

10 0.9 71.9 2.28 0.07 2.3E-03
12.5 1.35 89.8 3.42 0.09 3.4E-03
20 3.07 143.8 7.79 0.14 7.8E-03
30 6.33 215.6 16.05 0.22 1.6E-02
40 10.93 287.5 27.72 0.29 2.8E-02

[0000100] The next series of experiments were done to determine solubility of ST-246 in
40% w/v HP-B-CD composition as a function of temperature. These experiments
determined that the concentration of ST-246 in composition increased with increasing
temperature. As summarized in Figure 7, a maximum solubility of 21.23 mg/mL was

obtained with a 40% w/v HP-B-CD concentration at 70°C.

[0000101] The next series of experiments investigated the solubility of ST-246 in HP-B-
CD composition in presence of co-solvents/ surfactants. The results of these experiments
are summarized in Table 10 and Figure 8. As evident from the results of the experiments,
presence of cosolvents/surfactant can improve solution properties of drug in HP-B-CD

upon dilution and also helps dissolve drug much faster in HP-B-CD.
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46 | 47 | 48 Ingredient Quantity for 100 nL (g) ST-246 1.5 1.5 1.5 1.5 1.5
1.51.51.51.5 1.5 1.5 1.5 HPBCD 40 40 40 40 40 40 40 40 40 40 40 40
Manni t ol WO 2012/018810 Tr ehal ose Di hydrate - - - - - - 1 PCI/US2011/046260

Table 10 - Solubility of ST-246 in the presence of cosolvents at various temperatures

Temperature (°C) 40%(w/v) HPBCD+ | 40%(w/v) HPBCD+ 40%(w/v)
2.5%(w/v) tween 80 | 2.5%(w/v) PEG-400 HPBCD
4 6.29 5.47 6.05
25 7.57 9.21 10.59
40 11.16 12.99 12.23
60 16.24 17.41 16.21

[0000102] Solubility data presented in Table 10 suggest that presence of cosolvent (PEG
400) or non-ionic surfactant (tween 80) does not improve ST-246 solubility in HP-B-CD

and hence no further work was done to evaluate ternary complexation.

[0000103] Further series of experiments were carried out to identify a pH range for
maximum solubility of ST-246 in HPBCD composition. For these experiments, various
composition of ST-246 in 40% HPBCD was prepared with pH ranging from 4.0 to 10.5.
The composition was prepared at 25 °C and 2°C -8°C. The following table consists of the
composition studied and the buffer evaluated in the pH range of 4.0 through 10.5. The

results of these experiments are summarized in Table 11.

Table 11 - Compositions of formulations tested for the effect of pH on solubility of ST-

246

Sample # Klept(()s/:vgs)li CD pH Buffer
ST246-027-1 40 4.0 50 mM
ST246-027-2 4.5 Citrate/Phosphate
ST246-027-3 5.0
ST246-027-4 5.5
ST246-027-5 6.0 50 mM Phosphate
ST246-027-6 6.5
ST246-027-7 7.0
ST246-027-8 7.5
ST246-027-9 8.0
ST246-027-10 9.0 50 mM Glycine
ST246-027-11 9.5
ST246-027-12 10.0
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- Lactose Monohydrate - - - - - - - - - 11 1 pH adjusted to 3.0 to 5.0
using 0.1 N HCVNaCH - q.s. - - q.s. - - 0.S. - - Q.S. - pHadjusted to 3.0
to 5.0 uswogoriaissaabe buffer - - Q.s - g.S. - g.S. PCT/us26L1/0R266 fied
water QS. (nL) 100 100 100 100 100 100 100 100 100 100 100

| ST246-027-13 | | 10.5 | |

[0000104] For these experiments, an excess of ST-246 was added to vials containing 5 mL
of the pH buffered HP-B-CD solutions. The samples vials were rotomixed for more than
72 hours at 2-8 °C and 25 °C. Samples were filtered using a 0.2um PVDF membrane filter
and the filtrate was diluted appropriately and analyzed for ST-246 content using RP-HPLC.
Further, the pH of the samples was monitored before and after the solubility study was
initiated. pH measurements indicated that there were no significant changes before and
after the samples have reached equilibrium. The solubility of ST-246 achicved in 40%
HPBCD composition as a function of varying pH is depicted in Figure 9.

[0000105] As shown in Figure 9, an increase in solubility was observed with an increase
in pH from 4.0 to 10.5 at both 2°C-8°C and 25°C. For the next series of experiments, scale-
up studies of injectable ST-246 (have been initiated to understand the effect of batch size
on complexation of ST-246 with HP-B-CD. For these experiments, formulations have been
prepared using parenteral grade HP-B-CD. Samples from these studies have been placed
on stability at cold storage temperature (2° C to 8°C), controlled room temperature (25°C)
and warm temperature (40°C). At regular time intervals samples are removed, observed for
any physical changes (precipitation, color change, ctc.) and assayed for purity using HPLC
to detect any degradation of ST-246.

[0000106] ST-246, Form I, II, III, IV, V and VI were formulated for liquid administration.
Suitable dosage forms comprises ST-246 ranging from about 2 mg/ml to about 20mg/ml
and HPBCD, ranging from about 12.5 mg/ml to about 40 mg/ml. Optionally, the
formulations further comprises mannitol, trehalose dehydrate, lactose monohydrate, and
purified water such that the total volume of the liquid formulation is about 100ml. For
these formulations, the pH may be adjusted and maintained form 2.5 to 6.0, by using
HCL/NaOH, citric acid/Na citrate buffer, and other buffers including but not limited to
acctate, tartarate, glycine, glucoronic acid. The above described liquid formulations are

summarized in Tables 12-16.
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100 Table 16 - Exanpl es of conpositions of 20 ng/ L ST-246 |V fornul ati ons
Conposition # 49 1 50 51 1 52 53 1 54 1 5556 1 57 58 1 59 | 60 Ingredient
Quantity worom@0ssth (g) ST-246 2 2 2 2 2 2 2 2 2 2 2 2 PPBT®260/04226610 40 40
40 40 40 40 40 40 40 Mannitol

Table 12 - Examples of compositions of S mg/mL ST-246 1V formulations

Composition # 1 2 3 4 5 6 7 8 9 |10 | 11 | 12
Ingredient Quantity for 100 mL (g)

ST-246 05]05105]05[05]05]05]05][05]05]05]°05

HPBCD 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40
Mannitol - - - 1 1 1 - - - - - -
Trehalose Dihydrate - - - - - - 1 1 1 - - -

Lactose Monohydrate - - - - - - - - - 1 1 1
pH adjusted to 3.0 to
5.0 using 0.1 N - q.s. - - q.S. - - q.S. - - q.s. -
HCI/NaOH

pH adjusted to 3.0 to
5.0 using citrate buffer

Purified water Q.S.
(mL)

100 | 100 { 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

Table13 - Examples of compositions of 10 mg/mL ST-246 I'V formulations

Composition # 131141516 (17 |18 119 |20 (21 (22 |23 | 24

Ingredient Quantity for 100 mL (g)
07107107107 ]107]107]107]07]07]07]07]|07

ST-246 5 5 5 5 5 5 5 5 5 5 5 5
HPBCD 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40
Mannitol - - - 1 1 1 - - - - - -
Trehalose Dihydrate - - - - - - 1 1 1 - - -
Lactose Monohydrate - - - - - - - - - 1 1 1
pH adjusted to 3.0 to
5.0 using 0.1 N - qg.S. - - qg.s. - - qg.s. - - q.s. -
HCI/NaOH

pH adjusted to 3.0 to
5.0 using citrate buffer

Purified water Q.S.
(mL)

100 | 100 { 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
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Tr ehal ose D hydrate - - - - - - 1 11- - - WO

2012/ 018810PCT/ US2011/ 046260 Lact ose Monohydrate - - - - - - - - - 1 1 1 pH
adj ust ed wo 28120188105. 0 using 0.1 N HCVNaCH - q.s. - - (PST/US201184@60 - -

g.s. - pH adjusted to 3.0 to 5.0 using citrate buffer _ - g.s. - - g.s. - -
g.s. -

Table 14 - Examples of compositions of 12.5 mg/mL ST-246 IV formulations

Composition # 25 (26 (27 |28 129 |30 3132133 |34 ([35]36

Ingredient Quantity for 100 mL (g)
ST-246 1 1 1 1 1 1 1 1 1 1 1 1

HPBCD 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40
Mannitol - - - 1 1 1 - - - - - -
Trehalose Dihydrate - - - - - - 1 1 1 - - -

Lactose Monohydrate - - - - - - - - - 1 1 1

pH adjusted to 3.0 to
5.0 using 0.1 N - qg.S. - - qg.s. - - qg.s. - - q.s. -
HCI/NaOH

pH adjusted to 3.0 to
5.0 using citrate buffer

Purified water Q.S.
(mL)

100 | 100 { 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

Table 15 - Examples of compositions of 15 mg/mL ST-246 I'V formulations

Composition # 37 (38 (39|40 |41 [ 42 | 43 |44 |45 | 46 | 47 | 48
Ingredient Quantity for 100 mL (g)
ST-246 151515151515 |15 11515 15]15]15
HPBCD 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40
Mannitol - - - 1 1 1 - - - - - -
Trehalose Dihydrate - - - - - - 1 1 1 - - -

Lactose Monohydrate - - - - - - - - - 1 1 1
pH adjusted to 3.0 to
5.0 using 0.1 N - q.s. - - q.S. - - q.S. - - q.s. -
HCI/NaOH
pH adjusted to 3.0 to
5.0 using citrate buffer

Purified water Q.S.
(mL)

100 | 100 { 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

Table 16 - Examples of compositions of 20 mg/mL ST-246 I'V formulations

Composition # 49 [ S0 [ 51 | 52 |53 | S4 | 55|56 |57 |58 (59] 60
Ingredient Quantity for 100 mL (g)
ST-246 2 2 2 2 2 2 2 2 2 2 2 2
HPBCD 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40
Mannitol - - - 1 1 1 - - - - - -
Trehalose Dihydrate - - - - - - 1 1 1 - - -
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- Q.S. Purified water QS. (nL) 100 100 100 100 100 100 100 100 100 100 100
100 [0000107] Further liquid formulations conprising ST-246, Forml, 11,
11, 1V, woantk/\Bsiar e sunmari zed in Tables 17-21. Suit alpCe/usosiages2bor ms
conprises ST-246 ranging fromabout 2 ng/m to about 20ng/nl and HPBCD,
rangi ng fromabout 12.5 ng/m to about 40 ng/m . Optionally, the
formul ati ons further conprise pol yethyl ene gl ycol 400, polysorbate 80,
pol yet hyl ene gl ycol 300, and purified water up to 100 m . For these
formul ati onﬁactogmmg[;&d;r.gy be pdj ysted and ndginthined fqrm2.5 tq §.9, | by
usi ng HCL/® r#}ﬁrl Y o1 B B ¢ Na i trqtepufflerandrotter—puffers{nc] udi ng
but not |i[ntegludifoacet afe, fastjarate, g%yci ne| glugerfoni ¢ acj gy |Table 17 -
Exanpl es df coHpma[dH ons|of b ng/ nL|ST-PR46 |I V {ornul atli on$ cont ai|ni ng
cosol vents HLhRGLARSS «C9MPOpi tijon # 6111 62 63 1 64 45 166 | 67 68| 69
70 1 71 | dsngnﬁdﬂe%mer gJan. y o1 10p My 49)] STF24q ©: % 0.p 0.|81%]5 0.5
.

0.5 0.5 0.5 fubedoduth 5 85 [PBED—44—40{ 46140 —40—4p 4640
(mL) - 100 100 [ 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

[0000107] Further liquid formulations comprising ST-246, Form I, II, III, IV, V and VI are
summarized in Tables 17-21. Suitable dosage forms comprises ST-246 ranging from about
2 mg/ml to about 20mg/ml and HPBCD, ranging from about 12.5 mg/ml to about 40
mg/ml. Optionally, the formulations further comprise polyethylene glycol 400, polysorbate
80, polyethylene glycol 300, and purified water up to 100 ml. For these formulations, the
pH may be adjusted and maintained form 2.5 to 6.0, by using HCL/NaOH, citric acid/Na
citrate buffer, and other buffers including but not limited to acctate, tartarate, glycine,

glucoronic acid.

Table 17 - Examples of compositions of 5§ mg/mL ST-246 1V formulations containing
cosolvents/surfactants

Composition # 61 [ 62 [ 63 | 64 | 65|66 | 67 | 68 |69 [ 70 | 71 | 72
Ingredient Quantity for 100 mL (g)
ST-246 05105]05]05]05]05]05]05]05]05]05]|05

HPBCD 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40
Polyethylene Glycol
400

Polysorbate 80 - - - 1 1 1 1 1 1
Polyethylene Glycol ) ) ) ) ) )
300 1 1 1 1 1 1
pH adjusted to 3.0 to
5.0 using 0.1 N - q.s. - - q.s. - - q.s. - - q.s.
HCI/NaOH
pH adjusted to 3.0 to
5.0 using citrate buffer
Purified water Q.S.
(mL)

1 1 1 1 1 1

q.s. - - | gs. - - | gs. - - | gs.

100 | 100 { 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

34



40 40 40 40 Pol yet hyl ene d ycol

111111- -

Pol yet hyl ene d ycol

400111111 - - -

300

adj ust ed wo 281200188105. 0 using 0.1 N HCVNaCH - g.s. - -

Pol ysorbate 80
111111pH

0 PET/US2011046260

Table 18 - Compositions of 7.5 mg/mL ST-246 IV formulations containing co-solvents

Composition #

73

74

75

76

77 1 78 | 79 | 80

81 |82 |83 | 84

Ingredient

Quantity for 100 mL (g)

ST-246

0.7
5

0.7
5

0.7
5

0.7
5

07107107107
5 5 5 5

071071]07]07
5 5 5 5

HPBCD

40

40

40

40

40 | 40 | 40 | 40

40 | 40 | 40 | 40

Polyethylene Glycol
400

1 1 - -

Polysorbate 80

Polyethylene Glycol
300

pH adjusted to 3.0 to
5.0 using 0.1 N
HCI/NaOH

pH adjusted to 3.0 to
5.0 using citrate buffer

Purified water Q.S.
(mL)

100

100

100

100

100 | 100 | 100 | 100

100 | 100 | 100 | 100

Table 19 - Compositions of 10 mg/mL ST-246 IV formulations containing co-solvents

Composition #

85

86

87

88

89 190 |91 (92

93 194 |95 ] 96

Ingredient

Quantity for 100 mL (g)

ST-246

1 1 1 1

HPBCD

40

40

40

40

40 | 40 | 40 | 40

40 | 40 | 40 | 40

Polyethylene Glycol
400

1 1 - -

Polysorbate 80

1 1 1 1

Polyethylene Glycol
300

- - 1 1

pH adjusted to 3.0 to
5.0 using 0.1 N
HCI/NaOH

q.s.

q.s. - - | gs.

pH adjusted to 3.0 to
5.0 using citrate buffer

q.s.

q.s. - - | gs.

Purified water Q.S.

(mL)

100

100

100

100

100 | 100 | 100 | 100

100 | 100 | 100 | 100
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- - (0.S. - pHadjusted to 3.0 to 5.0 using citrate buffer - - q.s. g.s.
- - 0.S. - - Qg.s. Purified water QS. (nL) 100 100 100 100 100 100 100 100
100 100 WO 200®183M0 2012/ 018810PCT/ US2011/ 046260 Tabl e P8TASGuTpaste i ons of
7.5 mg/ mL ST-246 1V formul ati ons cont ai ni ng co-sol vents Conposition # 73 |
74 751 76 77 1 781 79 80 181 82 | 83 1 84 Ingredient Quantity for 100 niL
(g) ST-246 0.7 5 0.7 5 0.7

Table 20 - Compositions of 15 mg/mL ST-246 IV formulations containing co-solvents

Composition # 97 1 98 | 99 | 100 | 101 | 102 [ 103 | 104 | 105 | 106 | 107 | 108
Ingredient Quantity for 100 mL (g)
ST-246 15115115 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

HPBCD 40 | 40 | 40 40 40 40 40 40 40 40 40 40
Polyethylene Glycol
400

Polysorbate 80 - - - 1 1 1 1 1 1 - - -
Polyethylene Glycol
300
pH adjusted to 3.0 to

5.0 using 0.1 N - qg.S. - - qg.s. - - q.s. - - qg.s. -
HCI/NaOH
pH adjusted to 3.0 to
5.0 using citrate buffer

Purified water Q.S.
(mL)

1 1 1 1 1 1 - - - - - -

- - - - - - 1 1 1 1 1 1

100 | 100 [ 100 | 100 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

Table 21 - Compositions of 20 mg/mL ST-246 IV formulations containing co-solvents

Composition # 109 (110 111 (112 ) 113 | 114 | 115|116 | 117 | 118 | 119 | 120
Ingredient Quantity for 100 mL (g)
ST-246 2 2 2 2 2 2 2 2 2 2 2 2
HPBCD 40 40 40 40 40 40 40 40 40 40 40 40
Polyethylene Glycol ) ) ) ) ) )
400 1 1 1 1 1 1
Polysorbate 80 - - - 1 1 1 1 1 1 - - -
Polyethylene Glycol ) ) ) ) ) )
300 1 1 1 1 1 1
pH adjusted to 3.0 to
5.0 using 0.1 N - q.S. - - q.s. - - q.s. - - q.s. -
HCI/NaOH
pH adjusted to 3.0 to ) ) S ) ) S ) ) S ) ) S
5.0 using citrate buffer 45 45 A 45
P““ﬁe:‘n:{“)ter Q8- 1 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

[0000108] Further, Table 22 summarizes ranges for ST-246 and HPBCD in various

formulations.
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50.750750750.750.75
40 40 40 40 40 40 40 40 Pol yeth
Pol ysor bawe 28(2/018810- 1 1 1 1

0.7 50.750.
I

75 0.7 5 HPBCD 40 40 40 40
ylene Aycol 400 1 111
1

11- - - - - -

t
1 PCT/US2011/046260

Table 22 - Compositions of ST-246 IV formulations by varying the HPBCD

concentrations
Composition # 121 (122 ] 123 | 124 | 125 | 126
Ingredient Quantity for 100 mL (g)
ST-246 2 2 2 s | 10| 20
HPBCD 125 20 | 30 | 40 | 40 | 40
Purified water Q.S. | 10, | 100 | 100 | 100 | 100 | 100
(mL)

[0000109] Further, for these experiments, the compatibility of ST-246 prototype
formulations with 0.9% (w/v) NaCl, a commonly used infusion fluid, was evaluated. Five
formulations of ST-246 were prepared at various concentrations using 40% (w/v) HP-B3-
CD. The formulations were diluted with 0.9% (w/v) NaCl in the ratios of 1:1, 1:2, 1:5 and
1:10. The diluted solutions were stored at RT and 5°C and were monitored for their
physical stability by visual inspection, microscopy and per USP guideliens at regular time

intervals. The results of these experiments are summarized in Table 23.

Table 23 - Stability and Compatibility of ST-246 IV Formulations Following Dilution

ST-246 (mg/mL) Stability/Compatibility following dilution
5 More than 48 hours at all dilutions when stored at RT or 5°C
7.5 More than 48 hours at all dilutions when stored at RT or 5°C
More than 48 hours at 1:1, 1:2 and 1:5 dilutions when stored at RT or 5°C
10
more than 48 hours at 1:1 and 1:2 when stored at RT or 5°C
More than 48 hours at 1:5 dilution when stored at 5°C
12.5 More than 24 hours at 1:5 dilution when stored at RT
More than 48 hours at 1:1 and 1:2 when stored at RT or 5°C
More than 48 hours at 1:5 dilution when stored at 5°C
15

24 hours at 1:10 dilution when stored at 5°C

[0000110] Intravenous formulations of ST-246 at 5-20 mg/mL were found to be
compatible with 0.9% NaCl for at least 48 hours at 1:2 dilution (expected dilution in

clinical situation) when stored at RT and refrigerated conditions.
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- - - Polyethylene dycol 300 - - - - - - 111111 pHadjusted to 3.0 to
5.0 using 0.1 N HCVNaCH - qs--qs--qs--qs-pHadjustedto
3.0 to 5.Wousimygssiotrate buffer - - q.s g.S. - - QPST/US2011646260

Purified water QS. (nL) 100 100 100 100 100 100 100 100

[0000111] The results obtained indicate that solutions diluted 1:1 and 1:2 containing ST-
246 concentrations ranging from 5-20 mg/mL were found to be compatible with 0.9%

NacCl for at least 48 hours when stored at RT and refrigerated conditions.

Pharmacokinetics of ST-246 1V formulations in Mouse, Rabbits and non-human primates

(NHP).

[0000112] Intravenous (IV) administration of ST-246 formulation, comprising HPBCD,
were evaluated in mice, rabbits and NHP. The resulting pharmacokinetic parameters have
been compared with those obtained after oral administration. The results of these studies
suggest that intravenous ST-246 formulations exhibit similar pharmacokinetic parameters
as compared to oral ST-246 formulations when administered in subjects in need thereof.
Furthermore the ST-246 formulations comprising HP-B-CD appeared to be safe and the

pharmacokinetic parameters were acceptable.

Pharmacokinetic (PK) profile in Mouse: Three preliminary mouse studies (ASM246,
ASM250 and ASM257) unequivocally demonstrated that short infusions of ST-246

intravenous formulations provided exposure similar to that obtained after ST-246 oral
dosing, but at much lower doses. Specifically, ten-minute ST-246 infusion at four doses (3,
10, 30 and 75 mg/kg) were evaluated in female CD-1 mice and the plasma concentrations
were measured at the end of these infusions. Further, those concentrations were, as
expected, the peak plasma concentrations and the average plasma concentration at the end
of the 10-minute infusion of 75 mg/kg was 238, 333 ng/mL. Table 24 summarizes the Cpax
(ng/mL) plasma concentrations and the AUCq 24 (hr*ng/mL) for the ST-246 intravenous

formulation and the pivotal oral formulation parameters.

Table 24 - Comparison of C.,,x and AUC Values

Crnax AUC

Dose . ok io*
Formulation Route C nax (ng/mL) AUC 4 (hr*ng/mL) Ratio Ratio

(mg/kg) IV/PO Iv/PO

Study ASM246
M F M F F F

2.3 19977 22403 73327 87757 0.2 0.08
7.6 32% HPBCD IV Bolus 53834 37589 170100 218136 0.4 0.2
34.3 191174 | 162327 797725 873097 1.6 0.8
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100 100 100 100 Table 19 -
cont ai ni ng co-solvents Conposition # 85 |
95 Iweaoimgssadi ent Quantity for

94 |

111-

86 87 |

88 89 |

90

Conpositions of 10 ng/ L ST-246 |V fornul ati ons
91 92 | 93
100 nL (g) ST-246 PcI/uB2@11d46ed 1 1 1

1 1 HPBCD 40 40 40 40 40 40 40 40 40 40 40 40 Polyethylene Gycol 400 1 1 1
Study ASM250
3 78428* 100000%* - -
40% HPBCD Slow IV.Bolus
30 (5-min) 148918 300000* - -
Study ASM257
30 5-min Infusion ND 120051 - - 1.15 -
40% HPBCD
30 10-min Infusion ND 126639 - - 1.22 -
Study ASM260
3 ND 16700 ND 67907 0.16 0.06
10 . . ND 63500 ND 407609 0.6 0.4
40% HPBCD 10-min Infusion
30 ND 147333 ND 709202 1.4 0.7
75 ND 238333 ND 1252858 2.3 1.2
Pivotal Oral Formulation Studies-Day 1 Values
246-TX-001
30 30395 37502 241467 292094 - -
100 HPMC 38360 | 43798 342855 455830 - -
S . PO (oral)
300 uspension 48450 63976 484162 668735 - -
1000 61076 66271 719348 851749 - -
246-TX-006 (28-Day Study)
500 36648 56595 413416 515473 - -
1000 HPMC™* PO (oral)
Suspension 49125 56561 416003 537466 - -
2000 50933 69874 507951 607250 - -
2083-003-001-SN3 (3-Month Study)
300 89400 89200 669961 688685 - -
600 HPMC™* PO (oral)
Suspension 82800 95300 765268 853935 - -
1000 94200 104000 | 1249135 1090088 - -

*Value compared to highest value obtained from PO study-1000 mg/kg in 3-month study.

[0000113] The results unequivocally demonstrate that ST-246 compositions comprising

HP-B-CD formulation are safe and effective and provide plasma concentration time profiles

that closely mimicked those obtained after oral administration of ST-246.

[0000114] PK profile in Rabbits: Intravenous ST-246 formulations comprising HP-B-CD

were administered to rabbits. Further, tolerability and pharmacokinetic parameters were

evaluated after 5S-minute slow IV push injections via the marginal ear vein in two male and

two female naive New Zealand White rabbits at doses of 3, 30, and 60 mg/kg ST-246.

[0000115] As shown in Table 25, the peak plasma concentration using a 15-minute
infusion at 3 mg/kg were 7225 ng/mL and 4345 ng/mL for male and female rabbits,
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respectively. In general the observed Cpax plasma concentrations and the AUC values were
higher and the plasma climination half-lives was longer for oral administration. The
summary of the pharmacokinetic parameters in rabbits after oral and intravenous

administartion are shown in Table 25.

Table 25 - Pharmacokinetic Parameters in Rabbits after PO and I'V Doses

Dose . Cmax AUC 0-24
(mg/kg) Formulation Route (ng/mL) (hr*ng/mL) Ty (hr)
246-TX-012
M | F | M F | M | F
1 PEG v 769 | 679 | 1712 | 1150 | 1.1 | 0.69
1% HPMC E5/
100 | 0.5%Tween80/ PO | 4480 | 1227 | 26396 | 8179 | 6 | 13
97.5% H,0
ASM253
3 272 | 333 1 1068 | 3214 | 32 | 32
Slow IV 0 >
30 32%HPBCD | Push (5 39095 37005 16220 | 14867 | 8.1 | 163
min)
60 99085 88025 72327 | 60058 | 5.7 | 46
ASM258
Slow IV | 4 b
3 32% HPBCD push | 22| B 362 | 3154 | 17 | 07
: 5 5
(15 min)

*First sampling time at 5 minutes after End of Infusion
® First sampling time point at End of Infusion

[0000116] PK profile in Cynomolgus monkeys: The study design included three groups of

two male and two female monkeys. For these experiments, ST-246 was administered at 1,
3, and 10 mg/kg over a 4-hr intravenous infusion period by way of an implanted Vascular
Access Port (VAP). For these experiments, the concentration of HP-B8-CD in the infusion
fluid was 13.3 % w/v. Plasma samples were collected pre-dose, and at 0.5, 1, and 2 hours
after the start of the infusion as well as at the end of infusion (EOI) (4.0 hour £+ 10
minutes), 0.25, 0.5, and 1 hour after the EOI and at 6, 8, 12, 16, 20, 24 and 48 hours after

the start of the infusion to accurately determine the terminal elimination half-life.
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g.S. - - Q.S. Purified water QS. (mL) 100 100 100 100 100 100 100 100
100 100 100 100 WO 2012/018810PCT/ US2011/ 046260 Table 20 - Conpositions of
15 ng/ nL 802812318310 f or nul at i ons cont ai ni ng co-sol vents EGomsgotLioadredt 97 |
98 99 1100 I 101 102 | 103 104 | 105 106 1 107 1 108 Ingredient Quantity
for 100 nL (g) ST-246 1.5 1.51.51.51.51.51.51.51.51.5 1.5 1.5 HPBCD
40 40 40 40 40

[0000117] The pharmacokinetic parameters (Cuax (ng/mL) plasma concentrations and the
AUCq.24 (hr*ng/mL)) in cynomolus monkeys at 1, 3 and 10 mg/Kg and the Oral

formulation at 3, 10, 20 and 30 mg/kg over time are shown in the Table 26.

[0000118] The four hour intravenous infusions of ST-246 was dose proportional and the
plasma concentration time curves appeared to be biphasic with terminal climination half-
life values ranging from 6.6 hrs to 8.6 hours for the 1 to 10 mg/kg dose. The apparent
volume of distribution (Vz as well as Vss) values did not change significantly over the dose
range and neither did the clearance, which remained approximately 0.5 L/hr/kg over the

dose range.

Table 26 - IV ST-246 Study 246-TX-018 vs. Oral ST-246 Study 1151-065

Dose |HL_Lambda_ z| Tnax Crax AUC ¢ AUCINF_obs
mg/kg hr hr ng/mL hr-ng/mL hr-ng/mL
4 Hr-1V Infusion (246-TX-018)

6.6+ 6.0 4.0 | 384112 1880 + 455 1935 + 459

3 85+£3.2 4.0 | 1053 +185 5652 £ 784 5828 + 870
10 8.6+ 1.3 4.0 | 44004935 | 21126 +3449 | 21273 £3395

PO Administration (MPI 1151-065)

3 9.9+6.0 33 | 496 +145 3863 + 862 4527 £+ 490
10 7.0+ 0.9 3.8 1 1077 +279 | 10312+ 3064 | 11802 + 3669
20) 72423 32 | 1475+864 | 13389+ 8018 | 15523 + 9146
30 17.7+£13.8 3.6 | 1988 +873 | 20502 + 8054 | 31901 + 7362

[0000119] Further, as shown in Figure 11, The ST-246 IV and the oral formulations show

comparable pharmacokinetic profile. Furthermore these results suggest that the IV route of

ST-246 administration can provide stable and predictable pharmacokinetics over the

potential therapeutic dose range.

Example 4 - Comparison of the Safety and Pharmacokinetics of ST-246" after IV

Infusion or Oral Administration in Mice, Rabbits and Monkeys
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[0000120] A liquid formulation has been developed for IV administration of ST-246
containing hydroxoy-propyl beta cyclodextrin in aqueous solution. The tolerability and
pharmacokinetics of this formulation have been evaluated in mice, rabbits and NHP in
order to determine the optimal administration strategy. The results are compared with the

pharmacokinetics observed after oral administration.
Study designs and animal in-life studies
Oral Studies

[0000121] ST-246 was administered by oral gavage as a methylcellulose suspension
formulation with 1% Tween 80 to BALB/c mice (Charles River), New Zealand White
(NZW) rabbits (Harlan), and cynomolgus monkeys (NHP, Charles River). NHP were
administered ST-246 immediately after feeding to increase the bioavailability (6). Female
BALB/c mice were administered the suspension formulation via oral gavage at doses of 30,
100, 300, and 1000 mg/kg. Concentrations of ST-246 were measured by taking blood
samples from three mice at each of the following time points: 0.5, 1,2, 3,4,5,6, 8, 10, 12,
and 24 hours post dose. Three male and three female NZW rabbits were administered ST-
246 orally as a suspension formulation at a dose of 100 mg/kg. Blood was collected at the
following time points for determination of ST-246 concentration: 0.5, 1,2,3,4,5,6, 8,12,
and 24 hours after administration. Three male and three female NHP per dose group were
administered the following oral doses of ST-246 in the fed state: 0.3, 3, 10, 20, and 30
mg/kg. Blood samples were collected predose and at 0.5, 1, 2, 3, 4, 6, 8, 12, and 24 hours

after dose administration to measure ST-246 concentration.

1V infusion studies

[0000122] The pharmacokinetics and tolerability of a solution formulation of ST-246
administered by IV infusion were evaluated in three animal species: female BALB/c
(Charles River) and CD-1 mice (Charles River), NZW rabbits (Harlan), and cynomolgus
monkeys (Charles River).
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- - 0.S. - - 0.5S. - pHadjusted to 3.0 to 5.0 using citrate buffer - - q.s.
- -0.S. - - Q0.S. - - Q.Ss. Purified water QS. (nL) 100 100 100 100 100 100
100 100 WO 2200®18430 100 Table 21 - Conpositions of 20 mgrmS28TA26260 | V
formul ati ons containi ng co-sol vents Conposition # 109 110 | 111 112 | 113 |
114 1 115 1 116 117 | 118 119 | 120 Ingredient Quantity for 100 nL (Q)
ST-246 2 2 2

[0000123] A slow push (5 minute) IV injection of a solution formulation of ST-246 was

administered to a small number of catheterized female BALB/c mice at doses of 3, 30, and

100 mg/kg. Blood samples were collected at 5, 15, 30 minutes and 1, 2, 4, 8, and 24 hours

after IV administration for the 10 and 30 mg/kg dose, but only at 2 and 4 hours after dose

administration for the 100 mg/kg dose. Patency difficulties in the catheters limited the

number of mice per time point to no more than two. A 10-minute IV infusion of ST-246

was given via a surgically implanted jugular cannula at doses of 3, 10, 30, and 75 mg/kg to

catheterized naive female CD-1 mice. Blood samples were collected at 5, 10 (end of

infusion), 20, 30 minutes, and 1, 2, 4, 8, 24 hours post dose. Blood samples for each time

point were collected from three animals as terminal bleeds.

[0000124] In rabbits, ST-246 was infused via the marginal ear vein at doses of 3, 30, and
60 mg/kg over a 5-minute period and at 3 mg/kg over a 15-minute period followed by
blood sampling at multiple times in order to generate complete plasma concentration time
curves. Two male and two female rabbits were used for each dose group. For the 5-minute
slow push IV injection, blood samples were collected at 10 minutes (5 minutes after the
end of the injection), 20 and 30 min, 1, 2, 4, 8, and 24 hours after administration. Blood
samples for the 15-minute IV infusion were taken at the end of the infusion (15 minutes),

25 and 45 minutes, and 1, 2, 4, 8, and 24 hours after the beginning of the infusion.

[0000125] Nonhuman primates (NHP) were prepared for ST-246 administration by
surgical implantation of a catheter in the femoral vein that was routed to a subcutancous
port. Doses of 1, 3, 10, 20, and 30 mg/kg were infused over 4 hours to groups consisting of
two male and two female NHP. Two additional groups were administered the 20 and 30
mg/kg doses over 6 hours. For the 4 hour IV infusion group, blood was collected for ST-
246 analysis at the following time points: 0.5, 1, 2, 4 (end of infusion), 4.25, 4.5, 5, 6, &,
12, 16, 20, 24, and 48 hours after the start of the infusion. For the 6-hour 1V infusion, the
samples were collected at the following time points: 1, 2, 4, 6 (end of infusion), 6.25, 6.5,
8,10, 12, 16, 20, 24, and 48 hours after initiation of dose administration. Blood samples
were collected at multiple time points to allow complete characterization of the plasma
concentration time curve and estimate the pharmacokinetic parameters. Two groups of 4

males and 4 females were used in a second study that was conducted after a 10 day

43



222222222 HPBCD 40 40 40 40 40 40 40 40 40 40 40 40 Pol yethyl ene
Gycol 40021 211122121- - - - - - Polysorbate 80 - - - 111111- - -
Pol yet hylwoeo@oigzab 300 - - - - - PCT/US2011/046260

washout. In the second phase, the pharmacokinetic parameters were characterized over the
course of a twice daily (BID) regimen for doses of 10 and 15 mg/kg that were infused over
two 4 hour infusion periods initiated 12 hours apart. The total daily doses were 20 and 30
mg/kg, equivalent to the two highest doses that had been evaluated during both 4 and 6
hour IV infusions. For the BID study, blood was collected at the following time points for
ST-246 concentration determination: 0.5, 2, 4 (end of first infusion), 4.5, 6, 8, 12, 12.5, 14,
16 (end of second infusion), 16.5, 18, 20, 24, 32, 36 and 60 hours after the beginning of

infusion of the first dose.

Tolerability and toxicological evaluation

[0000126] Cage-side observations were made throughout all of these studies for general
appearance, behavior, mortality and moribundity. Preclinical evaluations for adverse events
(AEs) such as vital sign measurements, physical examinations, and neurologic exams were

assessed throughout the studies in NHP.

Bioanalvtical methods

[0000127] ST-246 concentrations in mice, rabbit and NHP plasma were measured using a
liquid chromatography-tandem mass spectrometry (LC-MS/MS) method. Blank plasma for
calibration curves and quality control samples were purchased from Bioreclamation, Inc.
(Westbury, NY). Two different extraction methods were used over the course of these
studies. Both methods were validated following the FDA bioanalytical validation
guidelines (7). In one method, the extraction of ST-246 from plasma was carried out by
simple protein precipitation by the addition of 9 parts methanol (450 uL) containing the
isotopic internal standard to 1 part (50 uL) plasma sample. After high speed centrifugation
100 uL of supernatant was added to 200 uL of compensation solution (0.05% acetic acid in
0.05% ammonium hydroxide:methanol; 36:55, v/v) and directly injected onto the LC-MS.

[0000128] The second extraction method was a liquid-liquid extraction (LLE) method.
Plasma samples were diluted 1:1 with methanol containing internal standard and three

volumes of water added. These mixtures were vortexed and the entire volume transferred to
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100 100 100 100 100 100 [0000108] Further, Table 22 sumrari zes ranges for
ST-246 and HPBCD in various formulations. Table 22 - Conpositions of
ST-246 IV fornul ati ons by varying the HPBCD concentrations Conposition #
121

the extraction plate (Biotage SLE, 200 mg). Minimal vacuum was applied to load the
samples and then allowed to stand for 5 minutes. Methyl tertiary-butyl ether was added to
all wells (500 pL/well) and eluted with minimal vacuum. The solvent was evaporated to
dryness under nitrogen (set at 50°C and 30-40 L/min). The samples were reconstituted
(0.05% acetic acid and 0.05% ammonium hydroxide in methanol/water; 65:35, v/v) by
gently vortexing the plate afterwards.

[0000129] The chromatographic separation was performed using a Phenyl-Hexyl column
(50 x 2.0 mm, 5 um, Phenomenex) with a Securityguard column, using 0.05% ammonium
hydroxide and 0.05% acetic acid in MeOH/H,0 (65:35,v/v) at a flow rate of 400 uL/min
for the mobile phase. A 3200 (or 4000) Qtrap (AB Sciex) mass spectrometer was tuned to
the multiple reaction monitoring (MRM) mode to monitor the m/z transitions, 375.0/283.2
for ST-246 and m/z 341.1/248.8 for the internal standard, in negative ion mode. The
MS/MS response was (1/x%) weighted linearly over the concentration range from 5.00 to
2000 ng/mL. The accuracy and precision of the method were within the acceptable limits

of £ 20% at the lower limit (5.0 ng/mL) of quantitation and + 15% at other concentrations.

Pharmacokinetic Analysis

[0000130] Pharmacokinetic parameters were analyzed with WinNonlin Phoenix version
6.1 (Pharsight, Mountain View, CA) software initially using noncompartmental analysis,
with compartmental analysis conducted later for some of the studies. The following
parameters were estimated: terminal elimination half-life (#,2), the arca under the curve
(AUC,4), the arca under the curve extrapolated to infinity (AUCq. i), clearance (CL), and
the steady state volume of distribution (V). The peak plasma concentrations (Cpax) and the
time to peak plasma concentration (Tmax) Were determined graphically from the

experimental values.

Statistical Analysis
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122 1 123 124 1 125 | 126 Ingredient Quantity for 100 nL (g) ST-246 2 2 2 5
10 20 HPBCD 12.5 20 30 40 40 40 Purified water QS. (mL) 100 100 100 100
100 100 woOQo108410Furt her, for these experinents, the eompstoiokéizby of
ST-246 prototype fornmulations with 0.9% (wv) NaCl, a commonly used

I nfusion fluid, was evaluated. Five formul ations of ST-246 were prepared at
various concentrations using 40% (wv) HP-BCD. The fornul ati ons were
diluted with 0.9% (W v) NaCl in the ratios of 1:1, 1:2, 1:5 and 1:10. The

diluted Sotﬂﬁbﬂpfl Uﬁfa%si%ﬁ&é@ﬂld%sﬂoﬁﬁﬂzéﬁaa@@ﬂ)r el enfid or aekit Ralf R T
physi cal stabil by visual i1 nspection, m croscolgly and per USP gul deliens

at regul ar ugingrée |JMP§erbsram1(ﬁéSr(écsmratsom\Catyhé€é eiipke 1si basatk an the enswayari zed

in Tabl e 23 Tab and Co at i bj T -

For ma 1 oRRER Safihee (RNERIA] bl RRh SBIR A bR e AT kit ng,
follow ng dcbsletptopamcﬁlaMyr éeﬁd‘eaﬂlffé&nhmnmhlﬁthealainedlbédjgrbmwemmlua%@nﬁdg at RT
or 5C7.5%/0 t han 48 ourg éf? d|IU|QEfPS whe stor d at RT or 5C 10
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12.5 nore than 48 hours at 1:1 and 1:2 when stored at RT or 5C More than
48 hours aMolsdsStdiikesit i on when stored at 5C Mre than 24 hours at 1:5
dilution when stored at RT 15 More than 48 hours at 1:1 and 1:2 when

stored at [%-508{32]5 cI:Dreliminary bolus IV injections of ST-246 in BALB/c mice resulted in some
dose-related toxicity and mortality at the highest dose of 34 mg/kg. A slower (5-minute
push) IV injection resulted in some clinical signs of labored breathing and lethargy at the
100 mg/kg dose, but was well-tolerated at both 3 and 30 mg/kg. These observations
suggested that the toxicity was related to the peak plasma concentration and that slower
infusions would allow safe administration of higher doses. Further increasing the duration
of administration to mice required changing the mouse strain from BALB/c to the slightly
larger CD-1 strain, as significant numbers of catheters in BALB/c mice failed to remain
patent. After a study confirmed that this change in mouse strains did not result in
significant changes in exposure or pharmacokinetics (data not shown), catheterized female
CD-1 mice were administered 10-minute IV infusions at doses of 3, 10, 30 and 75 mg/kg.
Although mice that received the highest dose, 75 mg/kg, had an unsteady gait after the end
of infusion, they recovered within 2-3 hours. All other doses were well-tolerated when
administered as 10-minute IV infusions. The correlation between the clinical signs and the
end of the infusions suggests, but does not prove, that the high C,,,x concentrations were

responsible for the clinical signs in mice after IV administration at higher doses.

[0000133] The results (Table 27 and Figure 16) show that IV infusion over 10 minutes
resulted in very high Cp.x plasma concentrations of ST-246. The mean Cpax concentration
after the 10-minute IV infusion of 75 mg/kg in female CD-1 mice was 238 [Lg/mL, 3.6-fold
higher than the Cax observed following a single oral administration of 1000 mg/kg, a 13-
fold higher dose, in female BALB/c mice. Although the maximum plasma concentrations
after these short IV infusions were much higher than after administration of much higher

oral doses (Table 27), the exposure (AUCq 24 nr) was only 1.5-fold higher for the same two
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More than 48 hours at 1:5 dilution when stored at 5C 24 hours at 1:10
dilution when stored at 5C [ 0000110] Intravenous formul ati ons of ST-246
at 5-20 myoOrbivmssaof ound to be conpatible with 0.9% NaCecrars2@t/oh@ast 48
hours at 1:2 dilution (expected dilution in clinical situation) when stored
at RT and refrigerated conditions. [ 0000111] The results obtained
indicate that solutions diluted 1:1 and 1:2 containing ST-246
concentrations ranging from5-20 ng/nL were found to be conpatible with
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oral formul ati on paranet&s. Ta¥ e 24238 ConpPaid son |6 C. ahd AUC Val ues
Dose (ng/Kg) Formul ati on Route Crax (ng/nm) AUC 0-24 (hengf nL) Crax Rati o*

A a0y S ST (IS (AUl WL T 3 320 hPocd IV
mg/kg hr pg/mL | hr*ug/mL | mL/hr/kg
PO 30 24 38 292 102
100 22 44 456 219
300 4.1 64 669 438
1000 4.5 66 852 1133

IV, intravenous
PO, per oral

[0000134] The climination half-lives were similar for the IV infusion and oral doses, those
for the IV infusions doses ranged from 2.5 to 4.5 hours, while those for the oral doses
ranged from 2.2 to 4.5 hours. These values were very close to what has been consistently
observed throughout the oral nonclinical safety toxicokinetics studies in BALB/c mice.
Clearance was relatively consistent after IV infusion over the 3-75 mg/kg dose range, while
the apparent clearance after oral dosing increased approximately 10-fold over the
approximately 30-fold dose range. Figure 1 clearly illustrates that even short I'V-infusions
in mice provided plasma exposure over time similar to that observed after oral

administration, albeit with higher maximum plasma concentrations.
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[0000135] The tolerability and pharmacokinetics of IV administration of ST-246 was
compared to that of oral administration in NZW rabbits. Although a preliminary study had
shown that IV bolus administration of 1 mg/kg was well tolerated, the IV infusion studies
results in mice indicated a potential for a lack of tolerability after rapid IV administration
of the highest doses. Therefore, ST-246 was administered as 5-minute slow push IV
injections at doses of 3, 30, and 60 mg/kg in NZW rabbits via the marginal ear vein.
Whereas the 3 and 30 mg/kg doses were well-tolerated, rabbits administered the 60 mg/kg
dose exhibited lethargy, labored breathing and narcosis immediately following injection.
These animals appeared to recover fully 30-60 minutes after the injections. A slower (15

minute) infusion of the 3 mg/kg dose was also well-tolerated.

[0000136] The 15-minute IV infusion of 3 mg/kg resulted in a mean Cyax concentration of
5.79 ug/mL, only two-fold higher than the 2.86 [Lg/mL observed after oral administration
of 100 mg/kg (Table 2). However, the AUCy »4 value for the 3 mg/kg IV dose was only
2.38 hr*ug/mL while AUC. »4 value for the 100 mg/kg oral dose was 19.8 hr*g/mL, only
8.3-fold higher exposure for a 33-fold higher dose. Clinical signs in the rabbits were
observed only at the 60 mg/kg dose, where the mean Cyax plasma ST-246 concentration
was 94.1 1g/mL, while the mean maximum plasma concentration observed for the well-
tolerated 30 mg/kg dose of ST-246 was lower, at 38.5 ng/mL. Whereas the Cpax values for
short IV infusions were much higher than that of a much higher oral dose, 100 mg/kg, the
exposures, as determined by the AUC measurements, were much lower. The AUCq 24
values observed after the 30 mg/kg dose via intravenous slow push in both genders were
comparable to that recorded for the 100 mg/kg oral dosing and notwithstanding the high
Cuax; it was evident from the cage side observations that the test article and delivery rate at
this dose was well tolerated in rabbits. As was observed with mice, short intravenous
infusions in rabbits produced very high maximal ST-246 concentrations, which
corresponded with the times of the observed clinical signs in the animals. The AUC values,
although higher than corresponding oral dosing, did not correlate with clinical signs

observed in these studies. The pharmacokinetic parameters in rabbits were evaluated using
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a 15-minute IV infusion of 3 mg/kg ST-246. In the 15-minute IV infusion study, blood
samples were taken immediately at the end of infusion instead of 5 minutes after the end of
infusion as in the initial IV infusion study. The Cyax from the second study was therefore a
more accurate reflection of Cpgy than that of the initial 5-minute IV infusion study and, in
fact, the Cpax values were substantially higher (See Table 2). The results from the single
longer infusion confirmed what was observed in the multi-dose study, that the Cpnax values
after short IV infusions were much higher than the values observed after equivalent oral
doses.

[0000137] The semi-logarithmic graph of the plasma concentration time curves in rabbit
IV infusion studies show biphasic distribution and climination (Figure 17). There appeared
to be an initial rapid distribution phase that was followed by a slower terminal elimination
phase. There was no clear dose-related trend in the elimination half-lives after IV infusion
in rabbits. The elimination half-lives ranged from approximately 1 hour to 12.2 hours for

the IV infusion dose group, while the elimination half-life for the 100 mg/kg oral dose was

3.7 hours (Table 28).

Table 28 - Comparison of pharmacokinetic parameters for ST-246 after oral
administration and IV administration to New Zealand White rabbits.

Route Dose Tin Cumax AUC24nr CL
mg/kg | hr ug/mL hr*ug/mL mL/hr/kg
IV Bolus 1 09+0.2 1.67 £2.27 1.43 £0.40 1660 + 2166
15-min IV Infusion 3 12+1.1 5.79 £3.67 3.39+1.07 966 + 363
*IV Slow Push (5-min) 3 32+0.0 3.03 £0.37 2.38+£0.93 1339+ 521
*IV Slow Push (5-min) 30 122+58 385+3.7 133+£0.7 2229 + 134
*IV Slow Push (5-min) 60 5208 941+11.1 61.8+87 987 £ 138
*Blood draw at taken 5 minutes after actual EOI
Route Dose Tiz Crax AUC p24nr CL/F
mg/kg | hr ug/mL hr*ug/mL mL/hr/kg
PO 100 37+32 2.86 £2.03 198 £16.6 7207 £ 6251

EOI, end of infusion
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NHP Studies

[0000138] ST-246 was administered via IV infusion over 4 hours via surgically implanted
vascular access ports in NHP at doses of 1, 3, 10, 20, and 30 mg/kg. The plasma
concentrations increased throughout the 4-hour 1V infusion of ST-246, reaching maximum
concentrations at the end of the infusion (Table 29, Figure 18). The maximum plasma
concentrations (Cpax) Were higher after the IV infusions than after oral administration of
equivalent doses (Table 29). At higher doses, the differences between the oral and IV Cax
concentrations increased. The Cpax concentrations after oral administration increased less
than dose-proportionally, while the peak plasma concentrations after IV infusion increased

more than would be expected based on dose-proportionality.

Table 29 - Comparison of pharmacokinetic parameters for ST-246 after oral
administration and IV infusions in cynomolgus monkeys.

Dose Tin T max Cnax AUCKNFE obs CL
(mg/kg) (hr) (hr) (ug/mkL ) (hr*pg/mL) (mL/hr/kg)
4 Hr-1V Infusion
6.6+6.0 4 0.384+0.112 1.94+0.46 537 +117
3 8.5+£3.2 4 1.05=£0.19 5.83 £0.87 523+ 77
10 8.6+1.3 4 440+ 0.94 21.3+34 478+ 71
4 Hr-1V Infusion
20 8725 4 11.8+2.0 59.6 £10.1 353+59
30 7.8+£0.7 4 20.1£4.2 100+ 18 307+ 59
6 Hr-1V Infusion
20 6.6+2.3 6 7.48 £0.40 479 £ 6.1 433+ 53
30 6.9 £0.8 6 13.9+1.3 87.2+14.6 362 + 61
BID Study 4 Hr IV Infusions SOI 12 Hours Apart Values from First Dose
10 N/A 4 4.59+1.29 21.0£5.0 N/A
15 N/A 4 7.36+1.47 325+£5.7 N/A
BID Study 4 Hr IV Infusions SOI 12 Hours Apart Values from Second Dose
10 8925 4 5.18+0.89 26.8+5.0 429 £ 74
15 9.1+2.6 4 9.08 £ 0.95 48.7+7.5 351 +44
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[0000139] The maximum plasma concentration after oral administration of ST-246
increased only 37-fold as the dose was increased 100-fold, from 0.3 to 30 mg/kg, while the
exposure (AUCiysobs) increased closer to the proportional increase in dose, or 84-fold. The
climination was also biphasic after oral administration, with plasma concentration time

curves similar to those observed for rabbits.

[0000140] The plasma elimination after IV infusion appeared to have at least two distinct
phases, with a rapid distribution phase observed at the end of the infusion followed by a
much slower terminal elimination phase (Figure 18). The plasma concentrations fell below
the lower limit of quantitation (LLOQ = 5.0 ng/mL) before 24 hours for most of the
animals in the 1 mg/kg dose group, but ST-246 was above the LLOQ for all other animals
in the higher dose groups through the last time point at 48 hours.

[0000141] The pharmacokinetic (PK) parameters were calculated using non-
compartmental analysis for individual animals. For the IV infusions, ecach dose group
consisted of two males and two females, while for the oral dose administration; cach dose
group had three males and three females. Student’s t-test was performed in order to
evaluate potential gender differences on the PK parameters of Cpax and AUCiys. There were
no statistically significant gender differences (p>0.05) with respect to the Cpax or AUCiy¢
values at cach dose level tested with a 95% confidence interval. Therefore, the mean and

standard deviation values were calculated by including all animals from both genders of
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cach dose group. The variability of individual Cpax or AUCjyr values within each dose
group was quite small, with the exception of one or two animals that had inadvertent and

obvious subcutancous injections and whose values were excluded from group means.

[0000142] Although the Cpax and AUC,s values increased dose-proportionally as the 4
hour I'V-infused doses increased from 1 to 10 mg/kg, the increases in these values were
greater than dose-proportional at the 20 and 30 mg/kg doses (Table 29). The Cpax values
for the 3 and 10 mg/kg doses were 2.7-fold and 11.5-fold higher, respectively, than that of
the 1 mg/kg dose, while the corresponding values for the 20 and 30 mg/kg doses were 31-
fold and 52-fold higher, respectively. The AUC,s values increased 3.0, 11.0, 32, and 53-
fold higher for the 3, 10, 20, and 30 mg/kg doses, respectively, compared to the 1 mg/kg
dose. The increase in exposure above dose-proportionality was also reflected in the strong
trend of decreased clearance (Cl=Dose/AUC) as the dose infused over 4 hours was
increased, indicating saturation of cither a distribution or elimination mechanism (Figure
19). Extending the IV infusion length to 6 hours for the 20 and 30 mg/kg doses increased
the clearance (and decreased exposure) relative to the shorter infusions. The clearance
values for the longer infusions of the higher doses, however, were still lower than the 1, 3,
and 10 mg/kg doses. For the 4 hour infusions, the clearance values were not statistically

significantly different when evaluated by ANOVA for the dose groups.

[0000143] The Cpax plasma concentrations were higher for the 4 hour infusions compared
to the 6 hour infusions by approximately 50%, and the exposures calculated for shorter
infusions were also higher, although only by approximately 20%. Plasma concentrations
after the end of infusions appeared to have at least two phases for all IV infusions, with a
rapid distribution phase clearly observed just after the EOI followed by a slower terminal
climination phase. The plasma concentration time curves appeared similar for the two

infusion rates and doses, except for the Tpax and actual plasma concentrations.

[0000144] The climination half-lives after IV infusions were relatively constant over the
dose range and different lengths of infusions, ranging from 6.6 to 9.1 hours (Table 29).
Oral administration of the 30 mg/kg dose resulted in a 17.7 hour terminal elimination half-

life, compared to a 9.9 hour half-life for the orally administered 3 mg/kg dose. Oral
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hours after the beginning of the first IV infusion dose, the ST-246 concentration was quite

close to the lower limit of quantitation (5 ng/mL) for all of the animals in both dose groups.

The semi-logarithmic graphs (Figures 20A and 20B) suggest that ST-246 climination from

the plasma after the end of the second infusion was at least biphasic, with a rapid

distribution after Tpmax clearly observed, as well as a slower terminal climination phase for

both doses.

[0000146] The BID administration study had 4 males and 4 females in each dose group,
providing a larger number with which to evaluate any potential gender differences in the
pharmacokinetic parameters after IV infusion. Student’s t-test analysis of the PK
parameters (Cpax, AUCs or AUCy,yr, Cl and V) showed equivalence for the two genders,
with the exception of the Cyax observed during the first phase of dosing at the 10
mg/kg/dose level (p <0.05). Because there were no consistent differences between the
pharmacokinetic parameters for the two genders, the final mean and standard deviation

values for ST-246 were calculated by combining the data from both genders for each dose

group.

[0000147] The Cpax and AUC s values for the 15 mg/kg dose were 1.6-fold higher than
those of the 10 mg/kg dose during the first 4 hour IV infusion. During the second IV
infusion the increase was slightly more, approximately 1.8-fold for the both Cpn.x and AUC
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fol d higher dose, in female BALB/c mice. Al though the maxinum plasma

concent rat dﬁﬂﬁls%:] e s%tt&ﬁﬁl%ﬁ%?%stoaqn\ég' \91"119}?% %lgﬁ F%@éa%d‘b‘lﬁﬂni‘&&@%ra%&“anﬁf ter

adm ni stra Ion o er or oses exposur e
(AUCO_24hr gxpassre mﬂhyndred‘snfgojrd dosgghens fid obtdrecdsa rigitandoscsl efe [§riofugiens.

Corrparison f the / kg oral e to th -mnute |V
o oY G PR S S Tt in BRe T ShwSiitm SES Pl o Crp Ty Tt

bi oavai | abfalngéd/fr&ﬁmv/JmB HOEE to 1105 8 T0MIB0I Ry BXROAR® IHfikfRtiof, &c

adm ni stration declined with increasing dose, %ut the same trend was not

observed aP¥OpurE Yt tave Mehsdqsat Vesmactuply heghorthan welddeicsprsteskbaprseadoserki net i ¢

araneters t e and
Do oo e PRI b Sy QAP AL Sheg il 6 5RO R T, <

mg/ kg hr pdP-fidld And ﬁf@foﬁlhmhfémrdsm}tltﬂyrﬂhm 1hv ekprfsussi crbﬁersedAafEcr iz 168g481V10 2.8
gfjcgog 4ﬁr5 E%\s'gg d?fsﬁ Zbl%?g)pizlﬁ%er hnﬁzg%%l}s gl}?ﬁ% ﬁl? < 0 lues c?oser to %051;::1-'12 =

proportional for the 20 and 30 mg/kg doses, while the AUC values decreased to 25-fold

and 45-fold higher than the exposure observed for the 4 hour 1 mg/kg IV infusion (Table

29). The BID dose regimen confirmed the observation that slower infusions decreased not

only the Cpax, but reduced the total exposure values to close to dose proportional. These

results suggest that a rapid rate of infusion of ST-246 saturated some clearance mechanism.

Over a similar dose range, oral absorption may have decreased with increasing dose, so that

clearance remained relatively constant, or even increased slightly.

55



PO 30 2.4 38 292 102 100 2.2 44 456 219 300 4.1 64 669 438 1 000 4.5 66
852 1133 1V, intravenous PO, per oral [0000134] The elimnation half-Ilives
wer e si mwenrofansgihe |V i nfusi on and oral doses, those Pom/ush@1i0¥26mf usi ons
doses ranged from2.5 to 4.5 hours, while those for the oral doses ranged
from2.2 to 4.5 hours. These values were very close to what has been
consistently observed t hroughout the oral nonclinical safety toxicokinetics
studies in BALB/c mce. Cearance was relatively consistent after 1V

i nfusion oyRpo{<NG WBisu? iltBéd@n de ﬁsrﬁ@&gﬁent%'oh%n{eh:%r\%%ﬁér%&l AhGaimes af ter
oral dosing increased approxi mate O-fold over the approximtely 30-fold
dose range0f$T@@@EﬁmmwﬁéatM%OHﬂmu§®$ané®%$ﬁamd@thmghnnmlmmmﬁnﬁdsqons in

i st adigrn: arign FORTRT o ohEhe ShTR S R AR RLEAEE ™ Rebort
Studies [ OQ@ﬁiﬁBﬂIy'lfhleaﬂyQifﬂ{eabtele I@f}(:l@@dld[ﬁ@@éﬁmﬁ) kstaheid BSaddhinisiation. Given
adm ni strati on . of ared o that of oral adm njstration in NZW
rabbi ts. L*‘F?f‘o%‘&ﬁaraFT‘ﬁ?’l%?t}O\ﬁﬁﬁgﬁ ESEA ol diree Nessis R s DB 10

adm ni st r atif@fof it (%p&g{s kight W MBS Inflsfing kRGBT be AdSInlsMrddhésdP M Rtk (RS
results in mce indicated a potential for a lack of tolerability after

rapi d 1V abighmiasmp gencsntrafons.tiad i givedthe goweingTtpeieiss, orhale cortimpge thegnee

adm ni ster t doses of 3, 30, and 60
mg/ kg in hg%wﬁgbﬁﬁ?@ﬂ@%gﬂ%h@%hﬁ&ﬁpﬁg¥@g§%$§g#%% efeas the 3 and 30 ny/ kg
doses were wel | -tol erated, rabblts adm ni stered the 60 ng/ kg dose exhi bited
| et har gy, | abored breathing and narcosis immediately follow ng injection.
These animal s appeared to recover fully 30-60 m nutes after the injections.
A slower (15 mnute) infusion of the 3 ng/kg dose was al so well-tol erated.

[ 0000136] The 15-mnute IV infusion of 3 ng/kg resulted in a nean C
concentration of 5.7914/nL, only two-fold higher than the 2.86 p.g/nL
observed after oral admnistration of 100 ng/kg (Table 2). However, the
AUCO 24 value for the 3 ng/kg IV dose was only 2.38 hr*lig/nm while AUCO 24
value for the 100 ng/ kg oral dose was 19.8 hr*lig/nL, only 8.3-fold higher
exposure for a 33-fold higher dose. Cinical signs in the rabbits were
observed only at the 60 ng/ kg dose, where the nmean C. plasna ST-246
concentration was 94. 114/ nL, while the nean maxi num pl asma concentrati on
observed for the well-tolerated 30 ng/ kg dose of ST-246 was |ower, at 38.5
lig/m. Whereas the C. values for short IV infusions were nmuch higher than
that of a nmuch higher oral dose, 100 ny/ kg, the exposures, as determ ned by
t he AUC neasurenents, were much | ower. The AUCO 24 val ues observed after
the 30 ng/ kg dose via intravenous slow push in both genders were conparable
to that recorded for the 100 ng/ kg oral dosing and notw t hstandi ng the high
C.; it was evident fromthe cage side observations that the test article
and delivery rate at this dose was well tolerated in rabbits. As was
observed with mice, short intravenous infusions in rabbits produced very
hi gh maxi mal ST-246 concentrations, which corresponded with the tines of

t he observed clinical signs in the animals. The AUC val ues, although hi gher
t han correspondi ng oral dosing, did not correlate with clinical signs
observed in these studies. The pharnmacoki netic paranmeters in rabbits were
evaluated using a 15-mnute IV infusion of 3 ng/kg ST-246. In the
15-minute |1V infusion study, blood sanples were taken inmediately at the
end of infusion instead of 5 mnutes after the end of infusion as in the
initial 1V infusion study. The Chmax fromthe second study was therefore a
nore accurate reflection of Cmax than that of the initial 5-mnute IV

i nfusion study and, in fact, the Cmax val ues were substantially higher (See
Table 2). The results fromthe single |onger infusion confirmed what was
observed in the multi-dose study, that the Crax values after short IV

i nfusi ons were much hi gher than the val ues observed after equival ent oral
doses. [0000137] The sem -logarithm c graph of the plasma concentration
time curves in rabbit IV infusion studies show bi phasic distribution and
elimnation (Figure 17). There appeared to be an initial rapid distribution
phase that was followed by a slower termnal elimnation phase. There was
no clear dose-related trend in the elinggnation half-lives after IV infusion
in rabbits. The elimnation half-lives ranged from approximately 1 hour to
12.2 hours for the IV infusion dose group, while the elimnation half-life
for the 100 ng/ kg oral dose was 3.7 hours (Table 28). Table 28 - Conpari son
of pharmacoki netic paraneters for ST-246 after oral admnistration and IV
adm nistration to New Zeal and Wiite rabbits. Route Dose T112 Cmax AUCO- 24hr
CL ng/ kg hr I|g/nL hrllg/nL nL/hr/kg IV Bolus 10.9 0.21.67 2.27 1.43
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5.79 3.67 3.39 1.07 966 363 *IV Slow Push (5-mn) 3 3.2 0.0 3.03 0.37
2.38 0.93 1339 521 *IV Slow Push (5-mn) 30 12.2 5.8 38.5 3.7 13.3 0.7
2229 134wOlv128l118w0Push (5-min) 60 5.2 0.8 94.1 11.1 6PC8/USB017/09260 138

*Bl ood draw at taken 5 minutes after actual EO Route Dose T112 Cmrax

AUCO- 24hr CL/F mg/kg hr ng/nL hrlig/m ni/hr/kg PO 100 3.7 3.2 2.86 2.03
19.8 16.6 7207 6251 EOCE end of infusion 1V, intravenous PO, per oral
NHP St udi es [0000138] ST-246 was administered via IV infusion over 4 hours
via surgically inplanted vascul ar acgefseReéts in NHP at doses of 1, 3, 10,
20, and 30 ng/ kg. The plasma concentrations increased throughout the 4-hour
I V infusion of ST-246, reaching nmaxi mum concentrations at the end of the

i nfusion (Tabl epgQe: FlafUfie bflemidiBsy ﬁ%’ﬂw.qhm@%ﬁ@m Eabians, (Cmax)
wer e hi ghe .t‘kyg 1 h ter oral 'adm nistration of
equi val gnt g\ggééerfsah%Ta ]il%ﬁf%]) .8%219]%?%#%?98 ses, the differences between the

oral and Iy Cma Co%le'}*tnrﬂa'ﬁilgigﬁssg%rg%ﬁﬁiﬁ?-ﬂgg@%ﬁggx concentrations after

oral adm ni'strati®f frétease rtionally, while the peak
pl asma concentrations after |V _infusion increased . an woul d be
expected based SHY Eét-a&-r@;?&r'%/ﬁf}ﬁﬂalﬂsftdﬁgyﬁd;%?a&?% Wlt%ﬁ%‘g Senoshy

phar macoki REHISESYSEIHHettanoXyigs infpetons i mics: AgHmicreRip Adegtsati on and 1V

i nf usi ons Cheregtherapy Bebs SHBwk8Y 8> Dose (mg/kg) T112 (hr) Tmax (hr) Cnax

(tg/mL ) AUCI NF_obs (hr*pg/niL)
4. Smee et al. (2002) Antimicrob. Agents Chemother. 46:1329-1335)

5. Vora ct al., 2008, Severe eczema vaccinatum in a household contact of a smallpox
vaccine. Clinical Infectious Disease 15; 46(10):1555-61).
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1721-7.
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Health and Human Services, Food and Drug Administration, May 2001.
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CL (nL/hr/kg) 4 H-1V Infusion 1 6.6 6.04 0.384 0.112 1.94
0.46 537 117 3 8.5 3.2 4 1.05 0.19 5.83 0.87 523 77 10 8.6 1.3 4
4.40 0. MM02012018804 478 71 4 Hr-1V Infusion POT/UB2011/046260

Tyavanagimatt S, Amantana A, Chinsangaram J, Hruby DE, Huggins J. (2009) ST-246
antiviral efficacy in a nonhuman primate monkeypox model: determination of the minimal
effective dose and human dose justification. Antimicrob Agents Chemother. 53 (5): 1817-
22,

13. Robert Jordan, Janet M. Leeds, Shanthakumar Tyavanagimatt and Dennis E. Hruby.

(2010) Development of ST-246® for Treatment of Poxvirus Infections. Viruses 2: 2409-
2435.
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2.5411.8 2.0 59.6 10.1 353 59 30 7.8 0.7 4 20.1 4.2 100 18 307 59
6 Hr-1V I nfusion 20 6.6 2.3 6 7.48 0.40 47.9 6.1 433 53 30 6.9
0.8 6 13.W020129183102 14.6 362 61 BID Study 4 H |V | rCuAisees/08260 12
Hours Apart Values fromFirst Dose 10 NA 4

IN THE CLAIMS:

1. A liquid pharmaceutical formulation comprising a therapeutically effective amount
of ST-246 and cyclodextrin, and further comprising one or more pharmaceutically

acceptable ingredients.

2. The liquid pharmaceutical formulation of claim 1, wherein said pharmaceutically
acceptable ingredients are selected from the group consisting of carrier, excipient, diluent,

additive, filler, lubricant and binder.

3. The liquid pharmaceutical formulation of claim 1, wherein said cyclodextrin is

hydroxypropyl-p-cyclodextrin.

4. The liquid pharmaceutical formulation of claim 3, wherein said hydroxypropyl-j-

cyclodextrin is present in amounts from about 20% to about 40% by weight.

5. The liquid pharmaceutical formulation of claim 1, wherein said cyclodextrin is

sufobutyl-ether-B-cylodextrin.

6. The liquid pharmaceutical formulation of claim 1 having a pH between about 3 and
10.
7. The liquid pharmaceutical formulation of claim 3, wherein said hydroxypropyl-f3-

cyclodextrin has a degree of substitution of between about 4.0 to about 8.0.
8. A method of treating orthopoxvirus infections and/or eczema vaccinatum
comprising administering to a subject in need thereof a liquid pharmaceutical formulation

according to claim 1.

9. The method of claim 8, wherein said liquid formulation is administered by

parenteral administration.
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4.59 1.29 21.0 5.0 NA 15 NA 4 7.36 1.47 32.5 5.7 NA BID Study 4
H IV Infusions SO 12 Hours Apart Values from Second Dose 10 8.9 2.5 4
5.18 0. 8802612018600 429 74 15 9.1 2.6 4 9.08 0.95 28T0S201154260 44
WO 2012/ 018810PCT/ US2011/ 046260 Dose (mg/kg) T112 (hr) Tmax (hr) Cmax
(tg/mL ) AUCE?TF_obs (hrlig/nm) CL/F (nL/hr/kg)

10. The method of claim 8, wherein said liquid formulation is administered by oral

administration.

11. The method of claim 8, wherein said liquid formulation is administered by topical

administration.

12. The method of claim 8, wherein said liquid formulation is administered by

intravenous administration.

13. The method of claim 12, wherein about 50 to about 500 mg of ST-246 is infused

per single session of intravenous administration.

14. The method of claim 12, wherein about 200 to about 400 mg of ST-246 is infused

per single session of intravenous administration.

15. The method of claim 12, wherein about 300 mg of ST-246 is infused per single

session of intravenous administration.

16. The method of claim 12, wherein said treatment is carried out for a period ranging

from about 7 to about 30 days.

17. The method of claim 12, wherein said treatment is carried out for a period ranging

from about 7 to about 15 days.

18. The method of claim 12, wherein the duration of cach session of intravenous

administration is from about 2 to about 24 hours.

19. The method of claim 12, wherein said treatment is carried out continuously over the

course of treatment at a dosage of about 50 to about 500 mg of ST-246 per day.
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PO Admi ni stration 0. 0538 0.34.0 1.3 2.5 0.0275 0.380 0.149 920
437 3 9.9 6.0 3.3 0.496 0.145 4.53 0.49 669 65 10 7.0 0.9 3.8 1.08
0.28 11. 8wo0o20i2/@88875 20 7.2 2.3 3.2 1.71 0.71 18.3 PCO/UB20844285 30
17.7 13.8 3.6 1.99 0.87 31.9 7.4 992 281 SOT, start of infusion IV,

i ntravenous PO, per oral BID. twice a day [0000139] The maxi num pl asnma
concentration after oral adm nistration of ST-246 increased only 37-fold as
t he dose was increased 100-fold, fromO0.3 to 30 ng/ kg, while the exposure
(AUG nf-obs) | NEEEASRAd 6F ASER 11 e REPRIELBRGhIRRHERRE: LiidPse OF
84-fold. The elimnation was al'so biphasic after oral adm nistration, with
pl asma condwimngtaoisossions rer dair ves simlar to those observed for rabblts.

[ 0000140] The plasma elimnation after 1V infusion appeared to have at

| east two distinct phases, with a rapid distribution phase observed at the
end of the2i.nf ushomethod bbsiieh Yy whetdircthe shavwed of @chsdailond fréthaB&UtAMo phase
(Figure 18).. Th | asma concentrations fell below the lower |imt of
guantitati b§§§=5.0 ng/ m.) before 24 hours for nost of the animals in
the 1 ngy/ kg dose group, but ST-246 was above the LLOQ for all other aninals
in the higher dose groups through the [ast time point at 48 hours.
[0000141] 3he pharergesoiimpdineliqupkiorpaletippteprlingtoelam| lcagmprisms g sieps

non- conpar {pental analysis for individual animals. For the IV infusions,
each dose group consisted of two nales and two females, while for the oral
dose adninﬁbmb@mj$h24@aﬁhcﬂﬂ&&xgﬁdnptﬂﬁﬂmkhﬂﬁﬁﬂﬂﬁhﬁﬂﬂdﬂﬁqhhﬂﬁﬂkﬁ&mdleS.
Student's {-test erformed in.order to evaluate potential gender
differenceé)%ﬁmPﬂg%%KQﬁﬁﬁg%@P@Fgogﬁe x and AUC nf. There were no
statistically significant gender differences (p>0.05) with respect to the

Cmax or AUC nf val ues at each dose level tested with a 95% confi dence
i nterval . Fher eflogrrroceshal ¢haiam2a mdheesimydrh® B-2de s sslersd fipal ugoupeensistiag efil at ed

by i ncl udi N
varlabllltggé%kknﬁt&t %?E@ﬁgzggﬁ?8§%¥ﬁ@{ﬁxﬁ%%§§€?m%&ﬁﬁgg%ﬁq§§geﬁ§§%up was
qui t e snal 246 palythomphdoen ¢€pd T-8A6 pélymaephdiormio amh$ Fra# 6 polsiorphadtbriniddver t ent
and obvi ous subcut aneous i njections and whose val ues were excluded from
group nmeans. [0000142] Although the C. and AUC nf val ues increased

dose- pr opop4.i onghd pro@ss bhéaith TMwWhetcir daid tieesdcdoineshydstypagetpf rom 1 to 10
ng/ kg, the increases in these val ues were greater than dose-proportional at
the 20 andwtedsyrilg doses (Table 29). The C. values for the 3 and 10 ng/ kg
doses were 2.7-fold and 11.5-fold higher, respectively, than that of the 1
ng/ kg dose, while the correspondi ng values for the 20 and 30 ng/ kg doses
were 31- faf.d ahlk mcdsebﬂclﬁhgih?eWhereesvécbhﬁdr@tyyorowhé -cpt)oflexyan wesesemfon eased
3.0, 11.0, 1%gmns Onla uth@d a%%ﬁ O/tgr thﬁt3 10, 20, and 30 ny/ kg doses,
respectlve? ed 't k §€" The increase in exposure above
dose- proportlonallty was also reflected in the strong trend of decreased

cl earance (Cl=Dgse/ AUC) as the d se.infused qver 4 hours S i ncreased,

i ndi cat i ng?%at uTléf‘tIi’YB?FS%)PP hifther YACHILIAG Batd Hymylatign ismwv$6ﬁaﬁgchan. sm
(Figure 19)etwExt andi ngndfte 'V infusion length to 6 hours for the 20 and 30
ng/ kg doses increased the clearance (and decreased exposure) relative to

t he shorter infusions. The clearance values for the |onger infusions of the

hi gher dos S doses.
For the 4 fbur TiigresnSFUTRERL photelnGlo PR bRk lutp B0 Rl tey

si gni fi candf gubslithtier emycontadouteh@atoudber®.y ANOVA for the dose groups.

[ 0000143] The C. plasma concentrations were higher for the 4 hour infusions
conpared to the 6 hour infusions by approximately 50% and the exposures
cal cul at eda§.or BhOpbEdss bNE14ie] DNWhREEthe hiful A&, (apk b ggtto@awm%y

approxi mately 20% Pl asma concentrations after the end of infusions
appear ed t elUdvEINyet 4 temperatuypoihadte €or all 1V infusions, with a rapid

di stribution phase clearly observed just after the EO follomed by a sl ower
terminal elimnation phase. The plasnma concentration time curves appeared
simlar for the two infusion rates and doses, except for the T. and actual
pl asma concentrations. [0000144] The elimnation half-lives after 1V

i nfusions were relatively constant over the dose range and different

| engt hs of infusions, ranging from®6.6 gp 9.1 hours (Table 29). O al

adm nistration of the 30 ng/kg dose resulted in a 17.7 hour term nal
elimnation half-life, conpared to a 9.9 hour half-life for the orally
adm ni stered 3 ng/ kg dose. Oral adm nistration of doses of up to 20 ng/ kg
had simlar elimnation half-lives; and these elimnation half-lives were
very simlar to those observed after |V infusions (Table 29). [0000145] A
tmnce a- day (BID) adntnlstratlon study of the two hlghest total dally doses

I T e 1 A [ o oyl AN L oy



val ues. The terminal elimnation half-lives, calculated fromthe second

i nfusion, were essentially identical, 8 9 and 9.1 hours for the two doses,
respect i webyo12aliesanance was al so essential ly equi val ent PCorUSeii@ses260 doses
and within the range observed for the single IV infusions. [0000148] As was
al so observed in the IV infusions studies in mce and rabbits, rapid

i nfusi ons of the highest doses in NHP, 30 ng/kg infused over 4 hours,
resulted in clinical signs, coincident with the end of the infusion. Three
out of foupg ani fil Sotdabr SSREIY %efeﬂﬁh@%lm&k& gz[%s(?) 19for0§£ht2t6§olﬁyﬁfy the
4-hour infusion duration exhibi'ted slight generalized trénors. These
trenors mecgnmbselvedfmp@hﬁm3@anWﬁﬂf@s of the end of the infusion on the
day of dosing and resol ved approximately 2 hours after the end of the
infusion, indicating reversibility of this toxicity. Trenors were not
observed iBﬂaninmﬂ@ndﬂseﬁdamnBDwmgkhgamyeP266hﬁﬂﬁsd@mhmhmanyemﬁmmﬁe ani mal s
that received Hﬂ kg 9g§ via either infusion duration. In addition,
no cli ni cafc&pty QCW%?E 6BeBY vedotfir oughout the BID study in any of the NHP
The nean peak plasma concentration for the 30 ng/ kg 4-hour infusion group
was 20.014/ m., while the nmean peak plasma concentration for the sanme dose

i nfused ovél 6<hdmﬁﬁowa§hawﬁﬁ@mmﬁﬁKEKynmeﬁeg4/nL The peak plasma

concentr at ups, as well as the
Bl D st udy % FM§58§&H%?@ gﬁ%?%%ﬂfggégfﬁg Q% Re aﬁﬁ?@?%ﬁ ef fi cacy of ST-246
agai nst pokymmm@eenmabBheﬂa&ﬂennnmkmakmgmgﬁhmdMnmmlzadmmnhsmbaMMOn in mce,
rabbits, ground squirrels, prairie dogs, and NHP (3, 8-13). The
pharnacoklﬁgﬁgks of ST-246 after oral admi nistration has been thoroughly
characterized in nice NHP and humans, with limted information in rabbits,
rats, and dogs. l ete understandl of the harnacoklnetlcs IS

i nportant Bh sp@éq‘é% osageH ikl Eorieulethm@ i 3 fart CB@PHE}“%O%FF oaneE, as the
sel ection based on
theani mal R AR e Bl A AP AR5E Bl b (RAGERT kP or BHARED

di sease |nuﬁwh&nddnmheedm&uemehmhﬁhwtanﬁnmhﬁs®eekes for human dose

cal culation is NHP. [0000150] The plasnma concentration tinme curves in
rabbits dropped very rapidly after the end of the infusion conpared to what
had been oBser vegt @fit ®sagdajuiEihilaGér &tdlam 3 e aRPahed frby Boel mged
absorption provided a long term nal elimnation phase with relatively high
concentr at kW1 &Pt er a single oral adm nistration of 100 ng/ kg (Figure 17).
Interestingly, as the IV infused dose was increased from 30 to 60 ny/ kg,

t he concentration observed during the termnal elimnation phase increased,
i ndi cat i ng34-hat Thd ghtedoseipdagiidiaymblatien ofedaimed lolypgratetd! velumePf atwat itat ed
some nechanpism of cl earance. Additional infusions studies would be needed
to confirmthe potential relationship between adm ni stered dose and

cl earance in rabbits. [0000151] The oral ST-246 study in NHP evaluated the

pharnacoklnetlc over a dose range. which enconpassed those used in efficacy
studi es, from §HF§O§@6 pigddormylation e MPrisngenonst r at ed t hat absor pti on
appear ed t9)@ﬁ2§@faﬁ§ﬁ%%n@@oohh§n@7rﬁl'tb)éb@tﬂ'fb%g,ﬁfn@raﬁé dose was increased, and
this was reflected rn both the C. concentrations as well as the exposure.

Al t hough t hehydroxygropel-p- caeocﬂdxernesop@emaegmeélroea@@dt bremethi to abeutl40dose

range, thex1 creased | ess than dose-proportionally. The C. increased only
37-fold ovegl? e 100-fol d dose increase, while the exposure, as neasured by
t he AUCI nf, |ncreased 84-fold, nuch closer to the 100-fol d dose increase.

[ 0000152] e ura a tion, t o decreased pl asma
Concentr at Fons Béfaggfﬁél“eé) Brm Bt psa 3@’iﬂtgmgeerlwgnwfg%served at
simlar dommaé&lﬁéaliy\écbégﬁm i@@ﬁdleﬁﬂ%eﬂ%bt@@ﬁ@in'tﬁ@gﬂohf)Eori%istu?'%_ of46 in NHP
based on conpari son of entical oral and IV doses ranged from 77% at 3

nmy/ kg to 3nokyethylowe glrepl 300.mghiserbais S@spolygthdeng alyqoh B Ol japd purifigdev@siposur e at
t hese high doses was actually higher than woul d be expected based on
dose-proportional exposure. The exposure for the 4 hour IV infusions of 20
and 30 ng/ kg were 30-fold and 50-fold higher, respectively, than the
exposure observed after the 1 ng/kg IV infused dose (Table 29). Longer

i nfusions reduced the C. values closer to dose-proportional for the 20 and
30 ng/ kg doses, while the AUC val ues degyeased to 25-fold and 45-fold

hi gher than the exposure observed for the 4 hour 1 ng/kg IV infusion (Table
29). The BI D dose reginen confirned the observation that slower infusions
decreased not only the C, but reduced the total exposure values to close
to dose proportional. These results suggest that a rapid rate of infusion
of ST-246 saturated sone clearance nechanism Over a simlar dose range,
oral absorptlon may have decreased mnth |ncrea5|ng dose SO t hat clearance
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WO 2012/ 018810PCT/ US2011/ 046260 20. The met hod of claim 12, wherein said
intravenous admnistration is carried out during two sessions per day.

21. The nmawbadi2afissitbai m 20, wherein the duration of eachPsgas2@n/ 04666 r om
about 2 to about 12 hours. 22. A process of making liquid fornul ation
according to claim1 conprising the steps of: a) mxing ST-246 with
cyclodextrin in a pharnmaceutically acceptable liquid carrier; and b)
optionally filtering the mxture of step a). 23.The process of claim 22,
wherein saidl STT%@@m‘t Qo026 ﬁ&&l@@orﬁfu@dpoﬁ OQEIQH@3§H£\§th£ todl ngungléf%ﬂ@utﬁgbym)r ph
Form 1, ST-246 polynorph Form|I1l, ST-246 polynmorph FormIll,

polynnrph mbrm |V, ST-246 pol ynorph FormV and ST-246 polynnrph Forn1VI.
24. The process of claim 22, wherein said cyclodextrin is hydroxypropyl -
cycl odextrin. 25.The process of claim22, wherein said

hydr oxypr op§.l - Prieywliodiexdeliquid ®riptile8@nsdf dlaimaddthaning of profangd frbin aBOGH L ®toabout
40% by meigpt. . The process of claim22, wherein said liquid formrul ati on
i s adjuste pH bet ween about 3 and 10. 27. The process of claim 24,
wherein said hydroxypropyl-P—cyclodextrin has a degree of substitution

bet ween about 4.0 to about 8.0. 28.The process of claim 22, wherein the

m xture of 3%t epA(Pageerssfopprsnahite a watsiosoliile salid SHoRAq phermasentcal formatagien at ur e
of about Zéghrw .2012/ 018810PCT/ US2011/ 046260 29. The process of claim 22,
wherein the ‘e of step (a) is brought to solubility equilibriumat a
t enper at ur ) mkn@ﬁmmeﬁﬂl cﬁﬂodﬁxeirﬁn@qﬁsﬁna@tmimhj/ aec2tablethignidicarrat d ST- 246

is mxed t ceutical | bl e carrier for about 72 hours. 31.A
uni t dosamh)lﬁﬁﬂgbﬂgg?ﬁﬁﬁﬁPW r88ﬁﬁ%? AY &) ST-246 content ranging from
about 2 ngéytopaliARoHid dékea@/ M i and b) hydroxypropyl-11-cycl odextrin

content ranging fromabout 12.5 ng/m to about 40 ng/m . 32. The unit dosage

liquid formul ation of claim 31 further conprising one or nore

pharnaceut al | ting
e R D o B B L M P PO et o

33 The uni t dosage l'iquid fornulatlon of cIa|n131 haV|ng a pH range from

about 3.0 to about 10.0. 34.The unit dosage liquid formulation of claim31

having a total volume of about 100 mi. 35.A unit dosage liquid fornulation

conprising: a) ST-246 ranging fromabout 2 ng/m to about 20 ng/m; and

b) hydroxypropyl-11-cycl odextrin content ranging fromabout 12.5 ng/m to

about 40 ng/m . 36.The unit dosage liquid forrmulation of claim35 further

conprising one or nore pharnmaceutically acceptable ingredients sel ected

fromthe group consisting of: polyethylene glycol 400, polysorbate 80,

pol yet hyl ene gl ycol 300, and purified water WO

2012/ 018810PCT/ US2011/ 046260 37. The unit dosage liquid fornulation of claim

35 having a total volunme of about 100 m. 38. The unit dosage liquid

formul ation of claim35 having a pH range from about 3.0 to about 10.0.

39. A process for preparing a water-soluble solid ST-246 pharnaceuti cal

formul ation conprising: a) mxing ST-246 with cycl odextrin in a

pharmaceutically acceptable liquid carrier ; b) optionally filtering the

m xture of step a); and c) lyophilizing said m xture. 40.The process of

claim1l1, wherein said cyclodextrin is hydroxypropyl-P-cyclodextrin.
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