VI RAL HEPATI TI S TREATMENT GOVERNMENT RI GHTS [ 0001] The
U.S. Governnent has certain rights in this invention
w@orosasxer4 t o Contract No. NOL- Al - 30046 awar dedp@Iy/Us1ve7/000574
NI Al D. CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0002]
This application clainms priority under 35 U.S.C 119
to Provisional United States Patent Application Serial
No. 60/757,036, filed January 9, 2006, the disclosure
of which is incorporated by reference herein.
TECHNI CAL FI ELD [0003] Thd -present disclosure rel ates
to nethods for treating viral hepatitis, conpounds
useful in the treatneng of V|raI hepatitis, and
phar maceut i cal YVABAX. x 5 Psipgesdch conpounds.
BACKGROUND [ 0004] Fbpatltls refers to a variety of
conditions that involve inflammtion of the liver.
Viral hepatitis, of GOMERNMENERIGHES several types
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| ammati on o I ver a viral infection.
No. NOEa‘bh%%ﬁea\mrdvdbalthﬁbT%IEt is may exhibit different
synptons and may be characterized by different
approaches to treatnment and preventlon For exanple
vacci nes hEROSSREFERPNCEONERET.S AP A A
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det ect ab bheg titi C virus RNA in the bl ood 24 weeks
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prognosi s and may be considered to be cured of the

virus. Such a conditign is known as a sustai ned

virol ogi ¢ response. Fiﬁssaﬂagﬁﬁgﬂﬁbt achi eving a
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subtl e benefits of treatnent, such as slow ng the
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cmnpnﬁg égmﬂﬁpatltls C virus (HCV) commonly invol ves
n| stration of injectable interferon (or injectable

pegyl ated interferon),. ribavirin, or a conbination
thereof. Interferon al ghack, Qgturally occurring

glycoprotein that is s cells in respon
[0004] t ovi r Hepatifiecefeite a Varietxefiaonditions élﬁaftenvcdelfgmmngl of the
liver. Vtiral ﬁeﬁlqg,r gf\%h{cggﬁgrte Qe se%glca? @p%'é (Qér,] %E&&ms A,B,C,D,and E), isan .
inflammation of the liver due to a viral infection. Each type of viral hepatitis may exhibit
different symptoms and may be characterized by different approaches to treatment and
prevention. For example, vaccines have been developed for hepatitis A and B, but not for
hepatitis C or E.
[0005] The main goal of treatment of chronic hepatitis C is to eliminate detectable
viral RNA from the blood. Patients lacking detectable hepatitis C virus RNA in the blood 24
weeks after completing therapy typically have a favorable prognosis and may be considered
to be cured of the virus. Such a condition is known as a sustained virologic response. For
patients not achieving a sustained virologic response, there may be other more subtle benefits
of treatment, such as slowing the progression of liver scarring (fibrosis).
[0006] Treatment of hepatitis C virus (HCV) commonly involves administration of
injectable interferon (or injectable pegylated interferon), ribavirin, or a combination thereof.

Interferon alpha is a naturally occurring glycoprotein that is secreted by cells in response to



initiates a series of intracellular signaling events

that ultimately | eads to enhanced expression of
weerwasr7genes. This | eads to the enhancenent BETUS2007/000574

i nduction of certain cellular activities including

augnmentation of target cell killing by |ynphocytes and

inhibition of virus replication in infected cells.

Ri bavirin is a synthetic nucl eoside that has activity
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a wide range of patients. Such a treatment would employ readily available active agents and

would have minimal side effects. When co-administration of interferon alpha is employed, an
ideal method of treatment would require reduced amounts of interferon alpha (i.e., reduced
frequency of administration, reduced amount per administration, or both) as compared with

traditional methods of treatment.

SUMMARY OF THE DISCLOSURE
[0009] The present invention is directed at addressing one or more of the

abovementioned drawbacks of known methods for treating viral hepatitis C.



abovenenti oned drawbacks of known nethods for treating

viral hepatitis C [00010] In one enbodi nent, then, the
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suffering fromhepatitis C. The nethod conprises

adm nistering to the patient a therapeutically

ef fective anount of a conpound sel ected from

ni t azoxani de, tizoxani de, derivatives of nitazoxanide,

and derivatives of tizoxanide. [00011] In another

enmbodi ment, the di scl osur&-describes a method for

treating a patient sufferlng fromviral hepatitis. The

hod conpri ses ad e to.the patient .
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and derivatives of tizoxanide,
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[00015] In yet another embodiment, the disclosure describes compositions effective in
the methods of treatment disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[00016] Figures 1a and 1b are graphs illustrating the synergistic activity of
nitazoxanide with interferon alpha-2b or 2’-C-methyl cytidine against HCV replication in an

HCYV replicon containing cell line.



ni tazoxanide wth interferon al pha-2b or 2'-GC nethyl
cytidine against HCV replication in an HCV replicon

w@eonrasrerng cell line.[00017] Figures 2a and ZBCEHDS2007/000574
graphs illustrating synergistic activity when an HCV
replicon-containing cell line is treated first with

ni t azoxani de and then with nitazoxani de plus

interferon al pha-2b. [00018] Figure 3 is a patient
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participants for the experément described in Exanple
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claims, the singular fornms "a," "an" and "the" include
plural referents unless the context clearly dictates

ot herwi se. TREsAfEDESGIPTEN SRTERIRgeNnfronT refers
not only to a single dosage formbut also to a
DEFINITIONS| Antt NomepicLiaworgts nore di fferent dosage forns, "an

ounzaf | BRI ISLSTR L8, OTUEL 6001 BCLive 20005,

unless otherwise indicated, this invention is not limited to particular dosages, formulations or

methods of use, as such may vary. It is also to be understood that the terminology used herein
is for the purpose of describing particular embodiments only, and is not intended to be
limiting.

[00025] It must be noted that, as used in this specification and the appended claims,
the singular forms "a," "an" and "the" include plural referents unless the context clearly
dictates otherwise. Thus, for example, "a dosage form" refers not only to a single dosage
form but also to a combination of two or more different dosage forms, "an active agent"
refers to a combination of active agents as well as to a single active agent, and the like.
[00026] As used in the specification and the appended claims, the terms “for example,”
“for instance,” “such as,” “including” and the like are meant to introduce examples that

further clarify more general subject matter. Unless otherwise specified, these examples are



[ 00026] As used in the specification and the appended
clains, the terns "for exanple," "for instance," "such
w@sg007/081onc| udi ng" and the |like are nmeant to i neeDUSNE7/000574
exanples that further clarify nore general subject
matter. Unl ess otherw se specified, these exanples
areprovided only as an aid for understanding the
i nvention, and are not nmeant to be limting in any
fashi on. [00027] Unl ess defined otherw se, all .
technical and scientific t2rns used herein have the
nmeani ng commonl y under stood by one of ordinary skill
id I,n Ehe art'%o wq%%h t$e i nvention pertains. Athough =
provided only 25 #1344 fonHndristanding thesinvention, gpd ars i) aRcant 1q be limiting in
any fashibnse descri bed herein may be useful in the practice
or testing of the present invention, preferred nethods
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, i nmprovenment or
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therapy)'é‘?ﬁlﬁﬂfgveﬁfe& Ber éﬁﬁ’atﬂfnh(ﬁ%:aﬂhg% Ootpxreﬁ}\fétgo% i&lqgtteglgll%}ié oF %gection.

ect. [00031] By "pharmaceutically acce
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posfighfininigferel et WithopLcausig iy yidssiraitle brolpgicaetfects or
interacting if¥ciepit@idushasndee withdhy of the other components of the composition in

which it is contained. When the term "pharmaceutically acceptable” is used to refer to a

pharmaceutical carrier or excipient, it is implied that the carrier or excipient has met the
required standards of toxicological and manufacturing testing or that it is included on the
Inactive Ingredient Guide prepared by the U.S. Food and Drug administration.

[00032] By “patient,” or “subject” is meant any animal for which treatment is
desirable. Patients may be mammals, and typically, as used herein, a patient is a human

individual.



requi red standards of toxicological and manufacturing
testing or that it is included on the Inactive
wo pgreghioant CGui de prepared by the U S. Food anpCTUSZP07/000574

adm ni stration. [00032] By "patient,” or "subject” is

meant any animal for which treatnment is desirable.

Patients nmay be manmals, and typically, as used

herein, a patient is a human individual.[00033] The

present disclosure includes conmpounds of formula I :

R1-NHCO- R2, as wel| as thefr use in the treatnent of

hepatitis, particularly hepatitis C and pharnmaceuti cal

onposi,tions ¢ i sing them [00034] In one

(00033, 0 i nregant fisclasite Iclpflos comperngs of forauie kR hNHCO-R2, as
well as Sidie6dedd the GERMNE bF BSpatifia! pasti@fid s, f%%hﬂ' -
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compoIIOnS CHMPYHRG theme” NHCO group is | ess prone to reaction
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unsubstituted NHCO group (e.qg.,
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nitazoxani de_and ti zaxani de. [00036] In anot her

d
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tizoxanides Uh ahothet embeihdng, tHE BspoutsbFISIMAS 1 BN udEnitazoxanide and
. iQeterocycl ic groups or a carbocyclic group Such a8 an
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substituted by one to 'three su Ituents.

cyclic geqmSiueh grams rody bohgtotoaselicogrofips ons earboéyrdicuglesp such as an aryl
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[00037 ]f or R&n jalgtdano er %%Ab%glemecr]x_lﬂ R?liskge)fé/dtecp 1ar|or%’ thiaalzclg}g and thiadiazole

substituted by one to three substituents, and R2 is benzene substituted by one to three

substituents.

[00038] Examples of substituents for R1 and R2 include OH, alkoxy, halo, alkyl,
fluoroalkyl, ester, thioalkyl, and functional groups. Specific examples include fluoro, bromo,
OAc, CH3, CF3, NO;, CH,CO,Et, SCH;, OCH; and the like.

[00039] Examples of the heterocyclic groups for R1 and R2 include aromatic
heterocyclic groups or saturated or unsaturated non-aromatic heterocyclic groups (alicyclic
heterocyclic group). Such groups contain, besides carbon atoms, at least one heteroatom
(preferably 1 to 4 heteroatom(s), more preferably, 1 to 2 heteroatom(s)), and may contain

from 1 to 3 different kind of heteroatoms, (preferably 1 to 2 kinds of heteroatom(s)). As used



fluoroal kyl, ester, thioal kyl, and functional groups.

Speci fic exanpl es include fluoro, bronpo, OAc, CH3,
WEER;7/080924 CH2COREt, SCH3, OCH3 and the |ike. PODOSB)P7/000574

Exanpl es of the heterocyclic groups for R and R2

i nclude aromatic heterocyclic groups or saturated or

unsat urated non-aromati c heterocyclic groups

(alicyclic heterocyclic group). Such groups contain,

besi des carbon atons, at | east one heteroatom

(preferably 1 to 4 heteroafon(s), nore preferably, 1

to 2 heteroaton(s)), and may contain from1l to 3

. different kind of heteroat , referably 1 to 2
herein, e i55h SR EAElBA SRRCL) o g F-e R efams, sHiSit apms, and nitrogen
atoms. " heteroatonf is nmeant to include oxygen atons, sulfiir
atoms, and nitrogen atonms. [00040] Exanpl es of the
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6-rnenbered aronmati c nonoyc erocyclic gr
group (?.g._, élzlryl,ftbpyyl,, Pyrobilyoxazglyl.rispopazolyk dhialzgly], thiadiazolyl, isothiazolyl,

ey ] I4 5 &hi i,adi .1 kot hiazol yl
1m1dazc%'l%l_(,’) gg%lgf)ﬁ,’ 1,%{?/, wﬁggﬁﬁ!ylif’,g,f@%gégg%%ﬂé@o‘,g ’-oxadlazoﬁ)x, furazanyl,
1,2,3-thiadpazplylx i ttordinzolyl, 3,34-thiadinzdgl, V12,3 ttiaad aln ¥ 2, 4-triazolyl,

hi.adiazol vl 1. -thi adi azol yl , .
tetrazot} GyrfalONARYY pyrispidiil bRaBsT edash g n s fused
heterocydia groop lyhc;h wya Byl |2—rpgmbcdiad iaﬂmlxaticmaﬁédm&?ﬂ‘by:brclic group (e.g.,

rqzi rlazi etc..). arqmat.|i se

benzofyl A 5B¥ero R, Bmpuieia tpc b SSlBaait it Sarogpliba | o
benzind_'azmlgd ueazcemogylm,l i,g—b@hmiﬁ;d)@z@yl,_bbgﬂftﬁi;aﬂb@m, _engo;])yrlanyl, 1,2-
N bCE A GV PG
quinoxaling?, phiftz04 5600 XAdsHiNY lidiRA nﬂ@ixﬁ}ﬂ agelidiny], RaN%R8 Wl,ail?fllla-carbolinyl,

i J6 E _ben20| sot hi azo! yl, _f benzotri azol yl . gquino yl,
beta-catoofify BEmYI2-caspeliyl; fepidindupheassainyl, phepsithioxiawl, menazinyl,
phenox Q& tBznMEny1D mﬂcﬁ’ﬁﬁ}’ﬁghen%ﬁﬁ&mgl,ﬁgfi@%}ﬁ&ﬂ &rrrolo[l 2=

car bazol yl , al pha-carbol i'ny bet a- car

blpyridgramrtapareiel§, iyalpyridsd, inidgao] 1 Bredporidyd] imyidazo[1,5-a]pyridyl,

.. § i i | s Z '_ . i | .

i S0, SREE gARIES Bl 1, 124
triazolo[43tblpyridajainy ypretirahly, 2hetbjopyclicddgmupybnsisting of the above-

: r C - ' i.m daz 2-alpyridyl,, .
mentlorf%}r;iisgg)g lg?{‘xlelg%g%lg)%{;xglgﬁl: tr}or%l]og}éc%gﬁ{e{téﬁga% rgralég %fi ’w1th a benzene
ring or lilem'amba)qu{c! greup cpysistingloftht above-mentioned 5- or 6~membered aromatic
monOC)JtC}ilg ggtgfogjlygflg lgg uél)ﬁ;s%%%tﬁlhg%/ .s}‘aim%f)rg(?l 7 5ﬂt€})o‘ée-mentioned 5- or 6-
membeﬂedtaemmatj{cctﬂonogyajmmemmsjldkigigupf t he abovenenti oned 5-

or 6-penbered opati ¢ monoecyclic heterogyclic group
000417 & FETRRIS S B k- froRig Peed e JEr IR s Hapa 2 fo B-membered

(preferabhyns bs 6 inigmbéred earadatsdor RBALRRATI pPefefib] P sARREN) §dn-aromatic
erocyclic groyp fused with the

hetero aromat i c ’ﬁ’?‘océﬁl i C heé W

er °%"é‘r‘r"egr8‘_r‘P 8P e RETCHIYGHC FEmP) SHAFSXIBNYE azefidingl eyetanyl,
- thiethan§ [, PyRlolidinyDe&XIS) dre kel &fioeMel, bipeGufiyn; tetrahydropyranyl,
morpholinyl, thiomorpholinyl, piperazinyl.

{00042] In one embodiment of compounds having the structure of formula I, R1 is
heterocyclic. In another embodiment, R1 is heterocyclic comprising 2 or 3 heteroatoms. In
yet another embodiment, R1 is substituted heterocyclic and comprises 2 or 3 heteroatoms. In
yet another embodiment, R1 is heterocyclic, substituted with 1, 2, or 3 groups selected from

hydroxide, halogen (i.e., iodo, chloro, bromo, or fluoro), alkoxy (e.g., OCH3), fluoroalkyl



[00041] Exanples of the "non-aromatic heterocyclic

group” include a 3 to 8-nenbered (preferably 5 or
w@20vekred) saturated or unsaturated (preferabtHuUs2007/000574

saturated) non-aromatic heterocyclic group (aliphatic

het erocyclic group) such as oxiranyl, azetidinyl,

oxetanyl, thiethanyl, pyrrolidinyl, tetrahydrofuryl,

t hi ol anyl, piperidinyl, tetrahydropyranyl,

nDrphollnyI thlonDrphollnyI pi perazinyl. [00042] In

one enbodlnent of conmpounds haV|ng the structure of

formula |, R is heterocyclic. In another enbodi ment,

(5. Clsim e e SR SRR 08, Sofy DA BB TS, For

exampl@‘i@i E%ﬁélé%? sebsBitutdd RghgyI@at ons. I n yet anot her
nmobodi ment, R is heterocyclic, substituted with

2
[00043]or 3 b enpembedimentaf ¢oraprunga hayingdhe #&r%@rér?f(fprr%ula I, R2 is
aryl. In % 5%1%(9{1&Bfl€ m ’suertn%gggfﬁ In Yot léﬂ&‘ﬁei( &émBodiment, R2 is aryl

uor oa ester (e.g., CH2COREL),
that cormﬂsrlsea RK$) or(éesx@stlwsmssyn ar@her emmdanmyct RPds gry] amligpmprises

Substlmflbtéélzlg‘j r‘Eioxjthof an% mﬁ% a)émlgiti%%? (I%}a(efve I kl?l‘?‘et n%&lﬁ gfjattalabﬁﬁﬁi &F the aryl

n one e aving t
group tsthewathongl gfouparfifoinaulh I). R stif aaoﬂnler ethhodinenbd}?2 is aryl comprising

2or mog%giiﬂ%ﬂ{s'se%te%d:frs St N ué gxaﬁ r‘r&rn 1e| n et che}gl% E%mo or fluoro),
alkoxy @1«'@5001{%%“1@1'05114}’%@ J"‘EF3)9MB@V¢H2CR22E@ throyllkyzh(kdg SCH3),

stituents in the ortho and neta positions
OAc, a‘t‘fgﬁﬁf ééb)the poi nt of attachnment of the aryl group
[00044f O t hey 63& BRABYHinGE® ¥P tHef cop@iotiahaying kife sthidihre fdbneula I, the

reactivig i FIAHD AR BT oMM ar Ao bigaregg regstions

comparb@%?th 68 Eéhrcﬁvn? P iR an%[ogolub' @éxﬂbomﬁi Kot hﬁdﬁéen @5 kf8er R1 or R2.
fl uor oal kyl CF3), ester

[00045} hi oa|Ik9notpgr gngocb(gqgj Rigmd RP e@%ﬁgﬁndegtl)g sele@p@)ﬁom
substlttltgcp%it?% rglr@uoé%nﬁrér wﬁﬂl‘té@@cl@f ard maﬂ&fjﬁetgﬁ)\éklﬂﬁc fps, and

the reactivit
unsubs@uutngqmatwocmlccg:nm meherein eisherdel %m%@ﬂﬂi& ana g are optionally

aromatxcn I é/epar}lsotl%e?%prﬁ)ro gm il ﬁltagﬁﬁﬁgtsgl\ék{e& fpcf tapﬁRTubg}ltuﬁf aryl,

ous compound Rhavin rogen as el th
heteroabﬂoml:ﬁimjtasd betetoheyl, zdldyotic,rmbst;tuﬁld adiagicliR? hategocyclic, and substituted

i nde dent | l.ect ed f t ut ,
T AR T -
three s\lfsditifeats intichontnthystalédtd tonEDHL Dty hikoxy (ispss md:tho:ey)nhalo
BN N T T
OAc, afi@ b@ﬁbﬂi}ﬁ] and eiyalkybk@shei ilast thicatetayly) In stilbfizthey embodiment, at

Su Itu teroar al |
teastory 1dg b i RO e Rp by - Sl S rRblinenb e fas e k1 and
R2 conlptisk€ betdeh haindehadioatiths. IRyetddtie? eatbodiaei, at least one of R1

substituted with fromone to
and R2 comprises a heterocyclic group selected from aromatic monocyclic heterocycles,

aromatic fused heterocycles, and non-aromatic heterocycles. In a still further embodiment, at
least one of R1 and R2 comprises a heterocyclic group selected from furyl, thienyl, pyrrolyl,
oxazolyl, isooxazolyl, thiazolyl, thiadiazolyl, isothiazolyl, imidazolyl, pyrazolyl, 1,2,3-
oxadiazolyl, 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, furazanyl, 1,2,3-thiadiazolyl, 1,2,4-
thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, tetrazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, triazinyl, benzofuranyl, isobenzofuranyl, benzothienyl, indolyl,

isoindolyl, 1H-indazolyl, benzindazolyl, benzoxazolyl, 1,2-benzoisooxazolyl, benzothiazolyl,



three substituents independently selected from CH

NO2, al koxy (such as nethoxy), halo (such as F and
w®ego7/08d9k4y/1 (such as nethyl), fluoroal kyl (sucPCEHES2007/000574

fluoronethyl), ester (such as OAc, and CH CO Et), and

t hi oal kyl (such as thionmethyl). In a still further
enbodi nent, at | east one of R and R2 is heterocyclic.
In a still further enbodi nment, at |east one of R and

R2 conprises between 1 and 3 heteroatons In yet
anot her enbodi nent, at |east one of R and R2
conprises a heterocycllc group selected fromaromatic

c heter.oc aronmati c fuse et erocycl es,
benzop%%ﬁ?l icf)iér &%Sf’ﬁ'{%aﬁ%fl ?%&F@Fgg‘az?wl:gﬂ‘g‘? qy 150GPinosy, cinnolinyl,
qumazohﬂbhdlmm:l“ahnﬂt phﬂh&ﬁhn@[}&aﬁfl idag p%?lnflp 'ﬂ’éﬂcﬁﬁfi arbazolyl,

C|IC selected rom furyl, thien
alpha—c%tgpﬁgyoky et ad‘)? gapg%g%@epwl aqrmlayl@pbq:noxazmyl phenothiazinyl,
phenazihi, pHiaaakbthyl, uﬁﬂttmeﬁ;p Ipnbnadtml@kﬁyp Ménaxﬁ%ﬁﬁﬁ' Yddolizinyl,

oxadi azol y 2, 4-oxadi azo
pyrrololt, b lpraiiainy b yazolatlisasimmiyt, imsizao e lasridyb fipidazol1,5-
a]pynd)]l; @mﬁaz&ﬂ'i'ﬁg}p@%%ﬁh)él Ima2o lr%-gﬁﬂltﬂé?iﬂg%ol] 4- mﬁ?l?gly?r-’a]pyridyl,

triazolyl, 4-tria r
1,2 4-&Wlpﬂﬁb§Th]9yrldaf3§apyL}; (@mapyl w@nylny’ketanyll, ﬂ:mthgaiyl pyrrolidinyl,

fhise ndol
e BEREE S SRR AR B SR,
piperazinyh apx M%YIB@DR@Z (ble;olptmbdbzmustxaz@:l with ﬂethbm;bISﬁﬂtﬁhts In another

| enzao 4o
embocifbefl, KT ERRURAL 8o SORRNS bt Rk 3Rpiments ana R2
is aryl qphphdl)alzuhsytutj:mwnhtlhy)lfi Til_bngdlu,entsuhi mlangmlbﬁéﬂnlﬁbdﬁyﬁant, Rlis .

: car , -car | . et.a- car.bol | nyl,
SR P SRR i P ESIRRRLLIY & it e
embodqtmﬁﬂn Mﬁ;ﬂs ghemyl qpﬁlbhﬂl}aﬁibﬁﬁtutecpmﬂq)ﬁ@t ﬁél{bﬁhmlents }n a still further
embodime : a?ﬁl w aﬁ:a?q?g Bl era{g gpgypelgggﬁggputec{ \9v1tlh r}yto 3 substituents.

[00046]py raz @x@{nble'é oﬂkﬁﬁlﬁ)bﬂﬂds thhBARZAE Ltr@ctédemfffbﬂbﬁhla Iinclude
m. dazol | ridyl, imdazo[l, b3pyr|da2|ny?

nltazoxqrmiqjélgefcpmge 803 V&|819 RM- 4832 and RM-4850, wherein
t dnide, 4idokiRae) £
ni azoxdnide, tizokh g[ 19914481%?%%3;1'8? é.rHM4850a%relparucul'cttﬂ}aPreferred The

structures, @ these comppuadp areyﬂho“wnrtm fallawing liset r ahydr of uryl |
Ui iolanyl, piperidinyl, tetrahydropyranyl,
nDrphoIinyI, thionDrphoIinyI, and piperazinyl, any of
whi ch may be optionally substituted wwth 1 to 3
substituents. In another enbodinent, RI| is a
het erocyclic group optionally substituted with 1to 3
substituents and R2 is aryl optionally substituted
with 1 to 3 substituents. In yet another enbodi nent,
Rl is . thiazole or thiadiazole optionally substituted

with 1to 3 substituents. In a still further
enbodi nent, R2 is phenyl optionally substituted with 1
to 3 substituents. In a still further enmbodi nent, R

and R2 are both aryl, each optionally substituted with
1 to 3 substituents. [00046] Exanpl es of conpounds
that have the structure of formula | include

ni t azoxani de, tizoxani de, RW 4803, RWM 4819, RM 4832,
and RM 4850, wherein



ni t azoxani de, tizoxani de, RM 4819, RwW 4832, and
RWM 4850 are particularly preferred. The structures of
wa b@seswasrpounds are shown in the following  PCT/US2007/000574
|ist:Tizoxani de [00047] As described bel ow, the
conpositions of the current disclosure conprise, as an
active agent, conpounds having the structure of
formula | in a pharnmaceutically acceptable form If
desired, the conpositions ﬂay further conprise one or
nore additional active age s (al so described in
detail below). Where it is appropriate, any of the
active agents nay be adm nistered in the formof the
conmpoyhd er se, and/or in the formof a salt,

poké h, ester, amde, prodrug, deivedive,N \the

' prig e t he a , pol ynor ph, f\pﬁ\c NO,
prodr ug [ ' 810 abl g i ly.
Wher e S -pr|s e, salts, ¢ , antdes,

pr odr & active agents
may be pe€pared usjing standard procedures known to
t hose skil I%&a?cﬁ‘at‘ﬂé art of synthetic orgaakanide
chem sgyy and described, for exanple, by J. March,

Advancéd Organi c Chem stry: ReactiHpygs, Mechani sns and
Sty 4t ork Wl ey- | Per scPenceN \
1 . Foy actl entst t cmay P X |n/L Br

ac Tve ay e

incorpqratec |nt the present conpos s ei ther as
g n enantionerically erg#Ched form

[ 00048] CTonp Q:,{;awng the structure of fornyla I

may be prepa&gg&g ording to literature ReHEde.  For

exanpl e, the preparation of conpoung and | e

descriped 1 QU. S. . No. 3,950, 35 WO
respectivel {. Syrjt hebdi gret hods faq % oq;l
anal ogitres_-#Mnv F~a@tives of la a ﬁe S

ot h poung@$ havi ng structures fall " within the
scope. gl=formula |, enploy known pr cedures that w il

be apparent hehge skilled artisan. 4850

Phar maceuti cal conpositions according 3t o thi

di scl osure conprise a conpound having the structure of
(00047 or nuiSg deserihedchebarw.ithe domwpstlnns Gﬁhh cphantdiseosire abmprise, as an

4 e.or
active aw conpoﬁq%g'&hlgw NGt ?&?@PM@WHYW ageeptable
form. If (dr:§1red( 21’;6 mpmltlmma)pﬁmhmce:mpneabh@lomﬁﬁpécﬁi‘i)ﬂt&lal active agents

(also defeH{olth 3 KA 37 FGe 155 FoliopicumboEili sXupaents may be

admlmstpmrbmsﬂlg g‘«tmms gﬁﬁye;ﬁ?fﬂo&hﬂ peF eMatdp %g?%afgg%t&? aS}MIQI 1 S8 morph,
Y uti

estr,scfie BaRfE. SR pEReLIKE tyldiaRe o oCeempbrsersamide,

prodrug foo etingtivtenie sbitatile pRAnRRHdayca \I‘l?l WHerd R34 apROBHAS; s ts, esters,
npre addjtional active a

t
amides, &)ﬁo ragsaﬂq(aqﬂthfzhgerbmyﬁ%%@g jggtiye agents may %S Targparnfgl using standard

procedures known to those skilled in the art of synthetic organic chemistry and described, for

example, by J. March, Advanced Organic Chemistry: Reactions, Mechanisms and Structure,
4th Ed. (New York: Wiley-Interscience, 1992). For any active agents that may exist in
enantiomeric forms, the active agent may be incorporated into the present compositions either
as the racemate or in enantiomerically enriched form.

[00048] Compounds having the structure of formula I may be prepared according to

literature methods. For example, the preparation of compounds 1a and 1b are described in



conpositions and nethods of treatnent descri bed
herein. In one enbodi nent, the additional active agent

WO 200e081Ct i ve in treating hepatitis. For exanpP&l/usive7/000574
conpositions may include one or nore additiona
t herapeutic agents useful in treating hepatitis C such
as ribavirin and i nmmune-stimnmul ating agents such as
interferons, including interferon a-2b, a derivative
of interferon a-2b such as_a pol yet hyl ene
gl ycol - conj ugat ed form of lilnterferon a-2b, interferon
a-2a, or interferon alfacon-1. Specific exanples also

L G| ga_ |LEN (B icines.lnc., Eperyville, CA);
Us. P%ﬁ‘f\&%&%@@ﬂ r‘%?g%/ 2 %ge F93BPTHvERAr tﬁ%}c maHeds &rrr%e
preparaGen ofaydlognsramdtdesivati T 18RaEMe g4ive A ak S dhiPands having
¢ turlnﬁn &ad s Ford, QFQ Rof eron A, Pegasys, Pegasys
structurgs, thapfall within the srope-ed formpla I emplayrkneaymprogedusesidiat will be
apparen8ds tHe, skiiWdt &fEdand) ; Vel | feron (3 axoSm t hKline pic,

Uxbri dge, UK) Al buferon-a(Human Genone Sci ences Inc.,

[00049 ¢ kv PhpEmagetical| comnasitions eexdingdp tis disclesutesconGuisea

compotife HROBERPTAAND, LI Sy i

composinnspshaiso papriset (Lirnner wbre additiorel nmpouiis Istvinethe structure

. , ceuticals |nc. .
s e AT L ——
(3) one gn oz adilitiondlRlomrpaPientyes dasdribet hetein.. TheNauwnpsitkons¥y; contain
- ° co.lnc. kyQq apan): Cepl ene,
from 0 A AT R e P o B R coprabic
carrier(§) @g@ny(gfﬁ%tklﬁia!/amhpzﬁdﬁtﬁfmgmgﬁ@he 5% €aDS.95%Chy wBRh@that remains.
N T (s S ——
composiiaisand endthodd 6f trétimedbdesbib&iherbif) In b8V &Ybbdithent, the additional
. Viram di ne ((Ri bapharmlnc..  Costa Mesa, CA); Heptazyne
aFtlve a@g@tﬂgg RETVSHL, gdepaffiis. F%f_:x’anm;gﬂ the comppyitiopsmey dnclude one

or more/addifdfaal tHebAbutiBABEktE QBe fulinAAdAkihk hepatitis C ibaviri
PEG nt rop/ R bavi rlgn (Scheri ng- F}I gugﬁa Cor pglrl%l% ?Sorr%l?avmn and

immungzgiymplgipg peeny puclyagiiaar farorse including Prerferanaulb.cadesivative of

interferdi6-2b sa@h alat : bi -2b, i
TSN T zer | and) ;p%?’ﬁeﬁgﬁ&é%gﬁ Eﬁz%ﬁ%ﬁ%’ﬁ {E3lirferon a-2b, interferon
o-2a, orfiptergpaualfacent h Specifistexpinples@iswainalide ThidegallAN (BioMedicines Inc.,
_ ¥ N -497 (Vert . )

S CASSHLR, 590 53065550l VSR 6 Shd g, e
SummegghEndo Plermasevbicals Faldings tad..SChatkls Fofl HX); RuferoV, Feghasys,

PRV . i ol i IN); i.feron .
Pyl 08t Cna lficnpl A, MORRRUL P s i FHSE Wit
WellfeerB(_@bhaSmiﬁn&]i:tieqﬂb,SUtHrtH%e, Bt Abuiferds oQ@uman GEnd Séitnees

i to or .ins of anti.-hepatitis agents

tnc, RoBRANE D RS v G Pme ip R pron esbo G ADIEIN-6356 (dun
Pharmabmrtie:ﬂs Inay Saw Miégs € A)) EP-501 (RidevadiPhdrifaBahti Al In¥ € Lexington,
MA); A% x%rx]nun%s(lnterMune Inc., Brisbane, CA); Infergen A (InterMune Pharmaceuticals
Inc., Brisbane, CA); ISIS 14803 (ISIS Pharmaceuticals Inc, Carlsbad, CA/Elan

Phamaceuticals Inc., New York, NY); JTK-003 (Japan Tobacco Inc., Tokyo, Japan);

C

Ceplene, Pegasys and Ceplene (Maxim Pharmaceuticals Inc., San Diego, CA); Civacir
(Biopharmaceuticals Inc., Boca Raton, FL); Intron A and Zadaxin (RegeneRx
Biopharmiceuticals Inc., Bethesda, MD/ SciClone Pharmaceuticals Inc, San Mateo, CA);
Levovirin, Viramidine (Ribapharm Inc., Costa Mesa, CA); Heptazyme (Ribozyme
Pharmaceuticals Inc., Boulder, CO); Intron A, PEG-Intron, Rebetron, Ribavirin, PEG-



appropriate. Additional active agents include those

effective in treating disorders of the endocrine
wayarmessuch as di abetes and hyperi nsul i nem a. PERERIOEB00574

of anti-di abetes agents include insulin, pramintide,

exenatide, sulfonylureas (e.g., chlorpropam de,

glipizide, glyburide, glinepiride) , neglitinides

(e.qg., repaglinide, nateglinide), biguanides (e.qg.,

metformn), thiazolidinediones (e.g., rosiglitazone,

troglitazone, pioglitazon®- and a- gl ucosi dase

inhibitors (e.g., acarbose, neglitol). Such active

agents nay be _adninistered ejther i 0 ,or, .
Intron/RelghyErf é%%ﬁygxﬂl@wsl’a‘aﬁ#mragﬂnaﬁeeﬁwa%tIﬁbs ?&ﬂ%ﬁh@‘dm
Pharma@uBEAI9 HRA, 81 0Matkol TA0F REbif{(QerbfEUbéteda SRR AR dndlySIFN-pfand

i nsul i n. Wien adm ni stered concurrently, such
EMZ70 %k §Biansitia Therapevicsdgen Qntarigs Groadainl 7 §Telagl Tag Sayth San
Francis%]; thx:iev%lﬁ'ﬁ g‘géﬂﬂ%ﬂ Phdrac¥hddald IAE., AR SMA S 40 980/L Y-

h, “or they may be admnistered In a separate )
570310 {Gemex Bhdrmacegicald lacl, Camiridge, Mev/iKleLd 8jgk., dudianapolis,
. aalhose gffect i ' ti ' I : LVShichBY 1d.,
1 O BR6H ik T, Rk, EE 200 20 Di0p Ryt
Rehovof, 06082] Phar maceuti cal conpositions conprising the

ooos11; S Phly Pl R Ebh s A 8 PRkl ifposicions
and metBbaY AREAYEd Kakinymag comipaibt encar miosy additigarad petiwt zgent as

sppropfal, ABUNEEA 65 SIS EFARE S0 BT ERGYS BEGer B oS of the

endocridé §ystdd® s@P4CHibBdtedaiy h@einehlindshib) Exdinples ofuuiti-diabetes agents
[00053] Pharmaceutical ly acceptable carriers g@¥ ﬁe .
glinypidg

include dasufig, Rrenylingde exepptiy. stlipRd viens (eef ChIPFRIPRAIE
glyburi(?efj %ﬁmegma@ CAldplifihided r(@.?!]?ép?:'gliﬁid%, Saeflidge)pbipdahiles (e.g.,

ricants, disintegrants, |l ers, surfactants,
metforraim)| thiagolidinedienesolei Sigrosighitazene. drrelitazong; Regligzorfy ad o-
isE | 1) AR ool Irlal) 6> RARHIsRred
sucs R S LTRSS SIS Rk hF e i
either priopteact copcutrenthyewjth a8minitrhgorbpite compotndsdiscloprd lpgein in order

t are not | i . | y . .
o B P AT, S0P s b i
agents Sikpbe himigeterd a3, pastuofihe s{e fomdilaiprewith shecorgbowulsdisclosed
trose,

i, SRS RS B B 0B 5oy G e s

such asdheientEHeetiv D trvatiig Jiydased ofthadivecsbhy alsodieqspd miithethe compounds
. (i ncl udi ng hydroxypropyl cellul ose, hydroxypropyl
disclos¢b§iGifc el [ ul ose, nethyl cellul ose, microcrystalline

[00052F egl u Pﬁf}ni&mﬁiﬂ dgﬁhﬁdﬁtﬁﬁﬁ,coh%dismgwﬁé hyﬂnpceﬂldslatbﬂ‘ihe disclosure that
.and the |ike), apd Veegum Lubricants are used .t
ave uitableipr S TASTTRER e BRI APRBORATaFTovg ALy acceptable
ier. A SEEPYiALE PhRdhddetilial CARRIre thalyl deBend, Ff &iatpde el agahod of
cwﬁwr%ﬁgﬁ présgure ig #elieveé. Sgefgfilubrica#ﬂ ar e

administeniensifthe sereresitions, aaMell bnappresiaiadely enriolstkdi i the art.
[ooossg.c' d. ﬂﬂaﬁha&‘%@i‘faa@& S ApBS EriER thAFbd dIRLER liquid, or mixtures thereof.
isintegration o t%e ) ' _ .
Pharmaceutically acceptable carriers are materials such as binders, lubricants, disintegrants,
fillers, surfactants, emulsifiers, coloring agents, and the like. Binders are used to impart
cohesive qualities, and thus ensure that the composition remains intact (e.g., as an implant or
tablet). Suitable binder materials include, but are not limited to, polymer matrices, hydrogels,
starch (including corn starch and pregelatinized starch), gelatin, sugars (including sucrose,

glucose, dextrose, and lactose), polyethylene glycol, waxes, and natural and synthetic gums,



conposition, and are generally starches, clays,

cel lul oses, algins, guns, or crosslinked pol yners.
wo-R00708974 ncl ude, for exanple, materials such B&T/US2007/000574

silicon dioxide, titaniumdioxide, alumna, talc,

kaol in, powdered cellul ose, and m crocrystalline

cellulose, as well as soluble materials such as

manni tol, urea, sucrose, |actose, dextrose, sodium

chloride, and sorbitol. Surfactants are wetting

agents, and may incl ude ildi ¢ materials such as fatty

acid salts and non-ionic naterials such as

e.g., acagzLi gmlghcééb ( S Cg@agg}]ro eﬁ%lﬂ\'ﬁ %c pi)lp(gxe&s hngludlng

hydroxygh%gmﬁ%éecﬁi(&%xfﬁ PPl ﬁiéﬂ@l@e@lﬁﬁds@,f méﬁhlyl édiRilose, mlcrocrystalhne
0 ositions disclosed herein ma r|S one Ofr,

clniosgRIAplPE: @ywml cgliplots, gpbisatiebiasd Y eeagy fubgoants are
used to %ﬁ@it ?rL uLdeh to mlting ﬂdv&dé'rho%r%%@ﬁéﬁm&%@@ﬂ@%a%pmg G.e.,

I"ogi cal environment such as
particle brepkage) mheurprcﬂsuxenp e‘@]llft‘@ﬂ Vgefyl lnbricmis areapagiesium ﬁteéf?ée’

calcium sﬂ%%a% TRAktealil %8 g%? i S&%fdséé fo Ak dhé:ﬁﬂegirattloﬁrbf the

ne response tered In vivo. UnleSs
compositiohgand ae gsha'anyl stalmlmsmtpm, |cbllelom§t algins) gumpcdr sgesslinked

polymergalgl?lgg;olpsl g’ttor Sk b]',g]oer s%ch%% gﬂ%gﬁ ﬁgo%g%&% até&ﬁum dioxide,

carriers suc
aluminaDtale Gaph, Iﬂﬂv&icﬁ@i suirileserrmyd hecrbcnysqaﬁirgemetlslosc, as well as soluble

copol yners of any of the no uni t s,.desgr
materialg ép%lﬂf mgmnfq}e\ll T%lcr?’sgp](s)g&%& eng%e ﬁ%‘ti up el chl nge,tand so§/b1tol
Surfacta%l@se&réfw&n@g 2] giltﬁ @hd sy nlalBdeB‘&ymC mt[ﬁls sichraarfdnyacid salts and
alternatin (o] t.i r
non-long:rlappnalgﬁﬁc gﬁﬁ”.{l}é{) é e glbfl§, Eal?ZWEF il ad- 6?@’81 and
61). conbi nati ons thereof. Bl ends of npre than one

bi oer odi bl e pol yner are also within the scgpe of this
[00054]di sc| Bevexample, the phappaceyically ancerfabls LA ’étherﬂeé‘tposmms

dlsclose%rl%rgi %J %Ae%lﬁcgrme%l%}gﬁlbl}@ﬂ yRRr. |]9§‘9b1@§01$1p§t|ible” is

oss es not adversely affect the nmaterial
meant aahaﬂerxaMhabd¢e@Hwt ilkieit @urapusnw resnensgehen pviEctd 1) qnbwlogwal

B

biocomgparile nserivinde ovilkeit amndmme mbhgc wherppdministered in vivo. Unless

othermgcaﬁiaﬁ,go {)l?)%!l?llfﬂ%%tl%]e nir%cén%ia Y cque{) | gt;égi stH£t| a?é R qg‘:rocgble
biodegra@4bTe hild Bioresor MG 6] SU|tabIe bloerodlble pol ymer s nay

o005, R R BT BB RIS A B o
copolyB&is\fla§ oif &) Mone@by (hitCddseribed Iﬂérelnpﬁhgth@hme,l daghe)ysners are not

hmtted,gglp%jg 9 s o(; !%rcc: aé:wz ﬁ&? V{a&g:}og 1%%&3‘@%5&%3% i)chk (including
multlbléat)%’gt'éf dB8fhb, BRIFY GHi A¥hdrinePBgle)copPhit < bl Yedinas aontibihations

ace
thereof. Blends o% more than one bioerodible polymer are also within the scope of this

disclosure. Tt will be appreciated that crosslinked and crosslinkable polymers may be used as
long as such crosslinking does not adversely affect the material’s ability to form the
compositions described herein (e.g., the material’s ability to bioerode). For example,
reversible crosslinks (wherein the crosslinks comprise non-covalent and/or weakly covalent
intermolecular bonds) may be present prior to administration of the compositions, or such

bonds may form in vivo.



pol yners of a-hydroxycarboxylic acid and derivatives
t hereof, al bum n, collagen, gelatin, hyal uronic acid,
war@nros7cel | ul ose and cel | ul ose derivatives (BCHUS2007/000574

nmet hyl cel | ul ose, hydroxypropyl cel | ul ose,
hydr oxypr opyl nmet hyl cel | ul ose, carboxynet hyl cel | ul ose,
cellul ose acetate phthal ate, cellul ose acetate
succi nat e, hydroxypropyl et hyl cel | ul ose pht hal at e),
casei n, dextrans, polysacgharldes fibrinogen,
poly(ether ester) nmultibrl &k copol ynmers, poly(ether)s
such as poly(ethylene glycol), and poly(butylene

opat es,

[00055]p g{ ;?%yg?%lgihlgéégﬁs § ogglgxgpgﬁ?rh%s d 5’3?% g@g{’o&hoester)s poly(lactone)s

such as pelyi(d-lcﬁp(@m&ﬁae) BAd ﬁé@k&‘ﬁ&;ﬁ@fa@ﬁiﬁ@} e2901y(lac’ude)s poly(lacuc acxd),
hydroxyvalerl aci d) ol ydi oxanone, ‘degr

poly(glwh?e)ase BRIy (Elyenlin arads eola&?tbylenmﬂrwhthalﬁtﬁbmoév(batyai)c acxd),
poly(va&@ﬂc)éﬁ:ﬁi)r iz(&l?ﬁie@lse&) anhP@hYed 5@@% P&te ohcﬂf);%éﬁmharf’ene viny! acetate),

acid y(al kyl ene oxi e )y-poly(este
polyme@o}faﬂywémycgbbyxliw@m@mb dclyvatryeadledéqf albumin, collagen gelatin,

oo MRS UL NP POSlo ROV BRI U L) Rk )

hydroxmbm(lbtllu’reﬁdﬁ hyém&ypmpbhﬁéthﬁl)cellﬂelsey, (chx%xﬁhﬁﬁ@ll&ilﬁﬂ&@ Edellulose
I CO I nations. ther

|..5-d - 2-0
acetate Ghngfe] o iod SEERE Roccins e Shidr Pomirmp BB L loge potmalete),

casein, tdars, p(ﬂ?iac):har[déeofﬂ?ﬂn@éﬁ%l?@tﬁé;r ;ﬁg@?ﬁﬂﬁ% &ﬁg%yéners
yme u

ynmers incl
poly(ettip)s/Sheh i PAGHEIOTIRRE BlxFob) ek BRIy hucrlens sesprpibdteied tyrosine-derived
POlycaI&Qia‘ie(SbeB@B}Qﬂbﬁﬂsacld%?' psuy@?&@&%mypaé)y bbHa¥sahoRs d) ,
val eric acid), an (Iactlde CO- Capro actone)
Poly(a“%vﬁ%ﬁfl(a%%aa?)apdyéhxmemvw , apkydinaeaoem degraable polyesters,
| Aesh
P D P R Btk P TR B Sy PRUp 88 poly(amino

acids), Efdﬂﬁallﬂdme @flde)hm%y@aterbblodpsqpcﬂvmeexpmwﬂe'drwty@dtyrw acid),

i and ot )
rls oL R OSBRS80S0 e Rl o
decanolagtpie), ablyﬂmnmethyidn@térbondty)j pohiil Hidioaret Bohs), orzlﬁﬂy(lamdxoxepan-
nes .and h hob| rotelns

2-on0), B (S B ACPRR B SRR AL o TS RemeR e LS, blends,

etc.). degrade ei ther by enzynmatic hydronS|s or exposure to
wat er . n vi ur e or bulk erosion [00058] The
100057} o o FEATEIS Pfé’l%ﬂl?ﬁlf&{aﬁfq YRES ipeluds §X’FF‘ER& Relymers such as
polymehmfﬂmﬂﬂw@ hiyd lycol@hed] pélbWﬁH@%Mb%jeYters polyurethanes,
I b g@wﬁble aﬁrler or Ioc %;ed regi ons of
poly( r BEEYRIEH GBIk pad Rﬁﬁ/( fid- °°B9PP0Fﬂ9FR§§ér?é7é‘U@Mal
polymeﬁl s‘&bli lab ulgnﬂﬂe ah® oﬂi@ﬂﬁ61y§£bch£h‘i&lééCiﬁéiuHﬁ1§t&Q&§ﬁ aRdl cellulose,
honpgenei ty as wel | bul k "or macroscopi c

collagety She F‘WV“W&F ﬂ&i%ﬁﬁf?'ébﬂwrﬁc@dwe@mﬁchw% groups, for
exampl@a Qll@lg ?Sﬁﬁg%@%ﬁ%{é’t%ﬁ e&l@&lﬁls”%@%e%ohﬁ‘}/c%hoﬁéaﬁmftﬁgly made
by those skilled in the art),galbumm and other hydrophilic proteins, zein and other prolamines
and hydrophobic proteins, copolymers and mixtures thereof. In general, these materials
degrade either by enzymatic hydrolysis or exposure to water in vivo, by surface or bulk
erosion
[00058] The components of a composition may be distributed homogeneously
throughout the pharmaceutically acceptable cartrier, or localized regions of concentration

gradients may exist. By “homogeneous distribution” is meant to included instances of

molecular homogeneity as well as bulk or macroscopic homogeneity. For example, the active



di stributed within a solvent) or on a nmacroscopic
| evel (as for discrete particles of active agent
whowoggrepusl y di stributed throughout the carrP&r/ps2007/000574
Conmponents of a conposition may be attached
(coval ently or otherw se, including physisorbed,
ionically associated, and the like) to the
pharmaceutically acceptable carrier. [00059] For
conposi tions adm ni stered, as aqueous or ot her
sol vent - based dosage forn%5(e.g., for parentera
admnistration), a variety of liquid carriers nay be
- used, Aqueous utJo i ncl yde salts, buffers,
cgent ol B et eSS BB 8 4 e S o A Spliubomggencously
dlstnbuiﬁd iR a sbRteny) &¥idnSa mattokeopic RvENM@s Bbrl disdieteGRAEC1EE bF active
nt het i fattg@ﬁ&;d esters, such as ethyl oleate or

agent hoy ogsPgRuy distribyiedtrspghaut the g Cemperrstsotaepmpasition may
be attaclEHXméMbﬁBﬁtlﬁ by Sﬂierwfﬂ ﬂhﬂﬁhin% PRy S Omak) ioﬁlo‘éﬁ%é?%c?at&y Gfid the

ol yet hyl ene gl ycol, I'i posones, and the
like) to ‘F‘G aqentigaldly e<sRtebls fécTor nore phar maceuti cal |y
[00059]2C CePEGDL BnpdifibR adnﬂﬁﬁfe?afﬁslﬁckl%@bs &O%H%Zgotl{rfﬁﬂ asdﬁd dosage

conprising one or nore o oun
forms (ergey oir @W@ha@mb‘lﬁraﬁl@m,t&h@mﬁw ldpdd cadpiecs dney bk msexhyAqueous

solutwn?%%?f 1391% sﬁl?s Bl alPlE lﬁ(gglkﬁ)\h%aueous n‘gf gfﬂtg?{s include, for

coﬁpo ent s 1 ncl exa
examplep fﬁtf}{e(blés,, Sp@n& olive aih amhtran@d:; Synthﬁwfamlaom esters, such as ethyl

oL 8y LIS T 418 BB L i
hydrophelxmpcgiymtsswcﬂnm% g@llmm}rlmezgyeol [ip&ddmids, fwd fhernikear e

conpoun olutions t are_enpl oye aidin
005012 CHTRGOR FEoR B mle A caR a&yfgpg'flﬁs& S, Rhapmaceutical
composﬁheﬁk b&ﬁpﬁéﬁ@&)neﬁﬁrm@é DM eEconRAMAB Aedidsé@hénéin and suitable for the

gﬁgéable uffers are used to maintain the acidity
uses desgrbgLAgreln Paplsg OBt SRe fF Merhaddipashreamenprtg) Additional

compondts Riladd, Fof &BGSple, E&ﬂtg ustet D ?eh’@tﬁ‘aﬂoﬁ etxlﬁ'lﬁn&a‘i’mg%rbheﬁs

di scl osed herein nay be any known or hereaft
acceleragiss gelfermingymatesipls sugh ese?lyrv@mw%@h@atmem@a @leﬂpsrsmg agents,

stabilizekd) ek bipfentd HRAWMsiciA@at enabl e or enhance perneation of
conp03|t|ons cross oundari es such as nenbranes.

[00061] Ex anpBuffersfarp epepeundson sehitions drag areagmpbyédnmmidu in mdistaining

the conc%ﬁﬁzgtxc%g{)g %lﬂ %&Eﬁ?{? C#l %é‘ﬁ%ﬁﬁ(ﬁl%&lggtfag} E Et L gﬁcally

acceptable pkl haffers @B5ysedrtd mamt’aumihe ayiditylve baslonﬁ ofle sohaabn wédthin a

pharmaﬁ%_%ﬁ%%fé&%&g%?;{ﬁ%ﬂg g rl}.l%g ?KA% c%r?ﬁ(o%}tfac)rﬁs Uisclosed herein may
be any kaibwmtdryiesedftemms;tevéraﬂ/ls@fm and |inonene. [ 00063] Gel

[00062] fa(r) re mglg%le I;ralglpg} Ie%lxa‘f’nc@rasy intt;)l%dg %l rprglru?dso :cltne?nrrltblD 1y er;x'ﬁance p?erll'r%eatlon

of compositions across boundaries such as membranes. Examples of penetration enhancers

may be found in the relevant literature (e.g., Percutaneous Penetration Enhancers, Smith and
Maibach, eds., CRC Press, New York NY, 2005) and include cyclohexanone derivatives,
cyclic monoterpenes, pyrrolidones, dioxolanes, 1-dodecylazacycloheptan-2-one (Azone),
dimethylsulfoxide (DMSO), and limonene.

[00063) Gel forming materials may be polymers or non-polymers, and are generally
able to form a gelatinous network. In one embodiment, gel forming materials are able to form
gels in vivo, whereas in other embodiments, gel formation takes place ex vivo. Examples of

gel forming materials include collagen, chitosan, pectins, hyaluronic acid, and the like.



able to forma gel ati nous network. In one enbodi nent,
gel formng materials are able to formgels in vivo,
wob@res®74 n ot her enbodi nents, gel formation tBREES2007/000574
pl ace ex vivo. Exanples of gel formng materials
i ncl ude col | agen, chitosan, pectins, hyaluronic acid,
and the |ike.100064] D spersing agents are surfactants
(for exanple, as described herein) in conbination with
a solvent such as mater._ﬁ 0065] Plasticizers are
conmpounds used to plasticize (i.e., soften) plastic
and other materials. Exanples include propyl ene
gI yco t acety
[00064] blsﬂ%?s%é/ %l%él?ﬁé E}é Qﬁ*faﬁt'zelﬁ{g, fo? eﬁmgyf P%de%:altlbgff lhereln) in
Combln@ttcma\mha sommyklmitdsaivgtbr but yl gI ycol ate, dibutyl

b .di- (2-ethylh | t hal. at
00002 P ) o S B, e Bt et e
materiaidi Panyles 1rﬂallﬁrld‘ipfrlob9beyké gbleey ﬁb&?ﬁmbﬁl@ﬂ)&h@mé eéi:e%ﬂ)fﬁ&ﬁff‘l citrate, p-

e ST L QUL 8 CET ot et .

2-eth méx hilate; ididtByiephthdlhe C@idoB 0 -
(2-ethy I)fei{ﬂffl gl?rattg?qznd R uygh&?ﬁfe hl_léed'dg%gﬁmﬁ{aﬁte dlphenyl

-ethylfteemblémsp &i Tﬂ%%e%ﬂéybpmeﬂﬂ wlph@abd ettt shichite, rghycerol
monool®fte Qﬂm&&%}ob&l 61&5&%91%9 Sdl 08 %1&@%9[ Lingth BeIShA (éf%er%l

vari ety of reasons. ‘range o excl p rents

triacetatg ) drigthiskeitrate, apd 3r(2t>é¢rmlxlbé e ep%yPrmne et al .
[00066}Hand bEQ&g‘ignt ?fa\/ﬁ%gﬁ}étlﬁ J:heﬁl?é% §e e Nﬁ"g c{mposmons

2006) 0067 al i zation a| re CO
describeg} @rvn@m varetyof redsonhed dﬂd@radgé of exq;pxentsme kibsomibed lin the

e thereof via VI sua
terauf g o o PR b iR %lsaﬁa@érﬁw&aﬁlh 3006).
[00067]( MRI ) Visriabiz&tion itig e cwﬁpuuaa@umdaldmwamh@@i 8PMmY - drifilelivery
yi sual i zat. n ai ds kno gvt he art may be used in the

compostHigheE ang 0F e eRPRit BEPEY 1 & Yiowisafon meshed sichdet

ﬂuoroscbbﬁ, xﬁ@g’fﬁﬁﬁzlré‘scﬁm&c@fmiélﬁg PVIRI L RisiBlie STph@ Sitresouia)] s1984dfdEaphy.
servatives or bacteriostatic agents,

Any vis{iliZ2 iR ={d5 I19vaY he A AL i i essepasitienselisclosed herein.
[00068]C ONPOK] kLA pBEC hgy cdnﬂfﬂshiotns RRelESrkane AfRMMslrd ﬁ&c{#ﬁa@ ope or more

np03|t|on Exanpl es i nclude bismuth tribronophe
preserveﬁ;é(pﬁ o1 ngqﬁg%m preseifdn jap ehfective anpyit to preserve the

composgmraﬁwqmgﬁtt%cte?{apwat 1 hﬁ:ﬁ%ﬁ egﬁﬁﬁé{é@ﬁ&ﬂ%&e Dismuth

fl uorouracil, I Cl'n,
tribromegheastametivd hYﬂtwhy@Oﬁte bariacins byl hydrexptmhkene, Lpl'opyl

chl or obut anol
oS0k B AN DRI LR, o5 B OE L 0o,
rifamycigg plnipcoca@so(ﬂ, bemdlkphmm cMendWﬁaﬁsgcylﬂmbncl deidesteris/cHlom®utanol,
0 nt S.,and.are ,use
e W R T RN
[00069]i ncl uﬂmblliz?rsmyludk cem@ﬁnh@ sugh laﬁ ahmadaxgacdﬂdcu% used to inhibit or
Exa s of stabilizer ude ate
retard d%cyg}r}% fﬂo& re%?{éon(sé )mclBgﬁ 313'23‘1’@80 ?@?éﬁﬁl%}\’@ reactlons
Examples of stabilizer include butylated hydroxytoluene (BHT), butylated hydroxyanisole

(BHA), ascorbic acid, ethylene diamine tetraacetic acid (EDTA), tocopherol-derived
compounds such as alpha-tocopherol, sulfites, tert-butylhydroquinone, citric acid, acetic acid,
and pectin.

[00070] The compositions disclosed herein or the precursors thereof may further
contain porosifying agents that achieve greater surface area of, for example, an implant or

tablet. Examples of porosifying agents include inorganic salts, sucrose, surfactants, small



(BHA), ascorbic acid, ethylene diamne tetraacetic

acid (EDTA), tocopherol -derived conpounds such as
wabk@hasecopherol , sulfites, tert-butyl hydr oquP€DOE2007/000574

citric acid, acetic acid, and pectin. [00070] The

conposi tions disclosed herein or the precursors

thereof may further contain porosifying agents that

achi eve greater surface area of, for exanple, an

i npl ant or tablet. Exanpliz of porosifying agents

i nclude inorganic salts, "stuCrose, surfactants,

smal | nol ecul ar wei ght pol yners, fast degrading

t her ror.eyver si.bl e pol r _precipitates, gas . .
moteculBf IR Boty ik, TR0CeBEhg b Pots BlopBoie e ramsnfppivtates,
gas bubblet, and cagizaior( busbbled.| as ot her active ingredients,

when esent). in the conpositjons disclosed herein
100078 T B B O BER RS Plas piies Agk Vi Imeraplernpls present)

in the c&HPpRGdns disoddSrein VitiNichasd 6% & nihdber BEFRRIE LA Will ﬁlary from

. .one of ordinary skill in the art, and may include the
subject jo-subject Spch dpctiordwil b apsEent £ epe pberdinary skillda, the pig, and may
include WRASar@éu120MEHdSE bAEdRIMion Béins G¥&EH Ihe Rlode aﬁ)&ﬁﬁfsﬂgﬁon, the

. the patient's age, weight and generaF condi tion, an
severityiqfahe sirapioms. Bie naient3s egw Weightgngd iggsérel eondifi@@mnd]thd judgment
of the pRBErKAE Py HEARL; @ conposition conprises a conpound of

formula 1 as an active agent and a pharnaceutically
[00072]5 ¢ c e plapreccabediment, aibvanpasitidneqompisebe cospdund ofifiyrmula I as an

: [ ' fo the—active agent, and
wctive of AN o em AR Wbl ekl 2RE bt G 0 vl oy
convenigatramdéurs melatiozito (e hetive dgdnt, anldahe wiiiht 640 60thd carrier to active

e AR U5 BB Bt L PRI e 1
one exasple v&hagmibodin@ng thhesmpesititn €alsisys @lg RPHaRPARIve agent and a

carrier. In ot her exa e, the_ coppositiqn conprises
pharmagifeafy scnePiaBli tarier. T4 ARRb cXaPIc (B¢ cmpwhon comprises the
active a@éifl] 4 Lfigt, 268100 R Midre 2UEHioAS JoPRARSEEN BEFhRE HEIRbed herein.
still further exanple, the conposition conprises

Ina Sﬁﬂ{ Serrampledba Composision sampEses the agévr agephea wcondaive agent,

one or th@echBie¥s, AAAGnEME nbre HAARIoAMddnk RRRhtsCOMPONent s.
[ 00073 Conpounds havi ng the structure of fornula | as
[

[00073]qi sc| Geawonadshaving thegakchire gf forpla haedisslosetthexsin are useful as
. i ' I e X il |

mecicad S04 20T A A DRBAEHLLAGI SSATHRRRL 8!y, sch

compoungds aibcompesitiens argfuseful il thh éeatment of viral lpepatitis.ulaparticular, the

I [ seful in.the .\
comporhIEUURHSISc s SERPR) RIS ok LM bR G s
B virus (HBY) and bepasppsst € tvirms GFI0V)us (HCV) . [00074] I n anot her
[00074]$nnbgﬁir{§pottherte|}]n odi rox%;l r&‘xjescogr?go%rhldg) Sgsc?i%reg 'hgre?rrl greux?sgI’uT Iin an

improved method of treating hepatitis C with an interferon, wherein the improvement

comprises administering an effective amount of nitazoxanide, tizoxanide, or mixtures thereof
to a subject in need thereof. By way of this improvement, the percentage of subjects
exhibiting reduced serum HCV RNA is increased in comparison to a method of treating
hepatitis C with the interferon or with a combination of ribavirin and the interferon. In
addition, the amount of interferon required to achieve a sustained virologic response in the
patient may be reduced compared to the amount of interferon required to achieve a sustained
virologic response in the patient without administration of nitazoxanide, tizoxanide, or

mixtures thereof. Furthermore, the amount of interferon required to achieve a sustained



i nproved nethod of treating hepatitis Cwth an

interferon, wherein the inprovenent conprises
wa@cdinrs®reri ng an ef fective anmount of nit azoxaPCTE$2007/000574

ti zoxani de, or m xtures thereof to a subject in need

thereof. By way of this inprovenent, the percentage of

subj ects exhi biting reduced serum HCV RNA is increased

in conparison to a method of treating hepatitis Cwth

the interferon or with a gonbination of ribavirin and

the interferon. In addition, the anount of interferon

required to achieve a sustained virol ogic response in

. . i 0 ed, t Q. the anpunt o
virologit spBfte Bthe PRten? i SR SUIRGYEE ook B G o pyeron
requiredrtesyobieve aisnstained yablomit respodmelin tadpatizng tvhad treatedfwith a

. nita ani de Lzoxand de, .or m xjug.es thereof. .
combindHgh AR T end 8 THE (oD, 1 br PR of i i) of reatment i
providedotiemie a patieritsaffon gy ifioal BePatitik €SRYPSIEHIY ddifs BRbZoRAbide and/or
i .aa .be reduced cgg& red, to_the anpunt of interferon .
tzoxani %ﬁ{}P’f tePine HEHP iR (ugh Ad pay pEthedaissisransidgscribed
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partlculag g%%?mqugﬂ Ogg?{n'ﬂﬂa’. ijyv C elS {Jeolng usecf.1 lﬁ'le: term "parenteral" as used
herein is intended to include, for example, subcutaneous, intravenous, intradermal, and
intramuscular injection. The term “transmucosal™ as used herein is intended to include, for
example, rectal, vaginal, buccal, sublingual, and penile administration. The term “inhalation”
as used herein is intended to include inhalation via the nose or the mouth, and includes
instances wherein absorption of the composition occurs in the lungs as well as, for example,
the mucosal membranes of the mouth, nose, and throat. Administration via implants is meant

to include implants affixed anywhere on or positioned anywhere inside the body, including
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preferredn Ta@upirus h@fd gelatin capsules are preferably sealed, such as with gelatin bands

or the like. See, for example, Remington: The Science and Practice of Pharmacy, cited
supra, which describes materials and methods for preparing encapsulated
pharmaceuticals.Oral dosage forms, whether tablets, capsules, caplets, or particulates, may, if
desired, be formulated so as to provide for gradual, sustained release of the active agent over
an extended time period. For example, as will be appreciated by those of ordinary skill in the

art, dosage forms may be formulated by dispersing the active agent within a matrix of a



non-aqueous liquid; or as an oil-in-water or
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administration via inj ect1on. Parenteral preparations are preferably administered intravenously,
although administration may also be effected by means of subcutaneous, intramuscular, or
intradermal injection. In one embodiment, such preparations are prepared by admixing the
compound with water or a glycine buffer and rendering the resulting solution sterile and isotonic
with the blood. .

[00084] The compositions disclosed herein may also be administered through the skin

using conventional transdermal drug delivery systems, wherein the active agent is contained
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[00087) rrp%ormulatlons suitable for rectal administration are preferably presented as unit

dose suppositories. These may be prepared by admixing a Compound of formula I with one or
more conventional solid carriers, for example, cocoa butter, and then shaping the resulting
mixture.

[00088] Although the compositions disclosed herein will generally be administered

orally, parenterally, transdermally, or via an implanted depot, other modes of administration



Phar maceuti cal Research 3(6), 318, (1986)) and
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[00092] In one embodiment, a patient suffering from hepatitis C is first pretreated with
nitazoxanide, tizoxanide, or any of the compounds disclosed herein having the structure of
formula I. The duration of the pretreatment period may be between about 3 days and about 6
months, for example between about 1 week and about 12 weeks, and as a further example
between about 1 week and about 4 weeks. The pretreatment period is followed subsequently
by a treatment period wherein the pretreated patient is treated with either an interferon alone
or an interferon plus nitazoxanide, tizoxanide, or any of the compounds having the structure

of formula I. Any of the interferons described herein may be used during the treatment
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[00095] t r eat Modf &F h%garrarﬁgn %}r{ﬁé Eé pggt%(r}s&scpdsgg B?I‘%IQISWICH bé apparent to

er on, ve a Sin
one of otdnwy sieitlt In @eébnvbelhnemxf tl'El’felamutBﬂnins of tHk2divededuse nfay be prepared by
uniforml :a%a:)ilgtlg?lgt‘ﬁlyt qmm)r %tﬁe ac hvea}:%m%oungg { ht% 'a hquma fine%y lemlied solid

carrier, or both, and then, if necessary, shaping the resulting mixture. For example, a tablet may

be prepared by compressing or molding a coated or uncoated powder or coated or uncoated
granules containing the active compound, optionally with one or more accessory ingredients.
Compressed tablets may be prepared by compressing, in a suitable machine, the compound in a
free-flowing form, such as a powder or granules optionally mixed with a binder, lubricant, inert
diluent, and/or surface active/dispersing agent(s). Molded tablets may be made by molding, in a

suitable machine, the powdered compound moistened with an inert liquid binder.



[ 00093] Exanples of reginmens that are suitable for
adm ni stration of the conpounds discl osed herein
w0 p@7ogikw74 he foll owi ng: 24 weeks of adm ni strap¢DOSWH7/000574
nit azoxani de foll owed by 12 weeks of adm nistration of
a conposition conprising nitazoxani de and interferon
a-2b or pegylated interferon a-2b; 2-4 weeks of
adm ni stration of nitazoxanide followed by 12 weeks of
adm ni stration of a conpagjtion conprising
ni t azoxani de and pegyl at’€d i nterferon a-2b;
adm ni stration of a conposition conprising

P R TR TR T

described hemmint. Ao kit comprisd: £i) aa pifdajveamanirbf medrhpnmdtdféoemila I; (ii) one
It will be,appreciated.that, such.reqgi ~ar .ovi ded
or more grffaccurgGT AR BEL B it By BN GG i JespBore e (e

in treatin@@patitis)f adm ni stration will vary. Appropriate
regingns w.ll typically be determ ned by a physician.
[00057] | oooggfi u3qe R, e phisq werimicHant foatse osgla% Bapayy fRdymandated
labelling@it@itriédtidns] orpaeRAdeYinstets St @A 6@ o Hi2 AHAMisERich of a compound of
tIhert%peutl cal I‘); effective anmount of the active agent
Formulad dor; the Phgrose At regtinagive! bspats-eF orexaewly &smgtions fPruseraay
include, bAHIE n6 liraReWHo, ARfFcaMBnd for AROMiAAA NI se, @&en'tiﬁc%tﬂﬁl f specific
range of about 250 ng to about 1000 ng, or pre era%ly
symptorfsﬁcﬂigbe swoifiggdisqage digbeancre apaliorated b sherpiimedgampounds, and
SRIRE ABLAgRL i i | LS A
ecom ERRAGR R ABRAE w3 QTR 5 eSS L LD e
invention futhgn comptisestaanit dosagst aveeumt ab thetcofpbund) £ ffective dortoating viral
hepatitis10 M0/ m, preferably about 1 ng/m . [00095] Methods of
patitis: K Lo ; . .
preparation for the conpositions disclosed herein wll
[00098] be appéy ®rite tralemsteodthadwiila shie/inskmtidn hdsrbeendescribed in

. enbodinent, the forrmulations of the disclosure be
conjunctiGrERAth 3R bir A oRRIy SHRePisdb oD SR ASReHR R above as well as
the exangslés that mmogmdnmnéu & ilhmmat_é afid nbt Rltthé isw'r?é&gr tﬁ@idg@ntion.
Other aspisy 4yt o st Smshis, G St afther cpon wil b
apparenttb @RGHcaMi I BAHD LRSS WHicOthe TRV Hitiod pRriaRal ed or

uncoat ed powder or coated or uncoated granul es

[00099) c ont ot HipaiFnEh @2iset PRRAICEB AR and Publidtionameptignecdhhespia ase hereby
i AREDYAC LGS i S e i
oA SEAAERSI ODCAHAREL o GRTE: 3B B BBy Mo, o
publication,pentaiaing exgresy definifions isgnewrparatest shreference thaseexpress
definitiofl§ Suih& %le QRUERRR J}S g?béﬁ? # ifdo q%t@? gﬁten{ hﬁgl{e!rl]lg Wlication, or

inert diluent, an face active/di spé
publicatiggdnhigh thetyl ate oundbhed sottathdrrenmeiniderivf tiotedt ofjthis appdication, in
. i A . powder ed conpound noi stened with
partlculaznlﬂlu%ﬂgirr?s P?%% hlc% (g? [ 00096] The present discl osure
al so provides kits for acconplishing such treatnent as
descri bed herein. The kits conprise: (i) an effective
amount of a conpound of Exammeiles |; (ii) one

EXAMPLE 1
ACTIVITY AGAINST HCV REPLICATION

[000100] Antiviral activity of nitazoxanide, tizoxanide, interferon o, ribavirin and 2°-C-
methyl cytidine was assessed in five different HCV replicon cell lines: (1) AVAS, a
subgenomic construct of genotype 1b (Blight et al., 2000, Sciernce 290:1972-1974); (2) H/FL-



or nore pharmaceutically acceptable carriers and/or
additives; and (iii) instructions for use (e.g., in

W0 e@ans g hepatitis). [00097] As used herein, PEEUS2007/000574
phrase "instructions for use" shall nmean any
FDA- mandat ed | abel li ng, instructions, or package
inserts that relate to the adm nistration of a
compound of Forrmula | for the purpose of treating
viral hepatitis. For exanple, instructions for use may
i nclude, but are not linited to, indications for the
particular di sease, identification of specific

Neo, sSIPAEIE A1)l AREEIL GuEhESRESo B8 G Pl gnsr-
3190); (ﬁd%ﬁ,ea suhpendmid constubyf efgdenospt flbr(Pt’agffélr a Kheegaard 2005,
sonrmal SRR Tl 3§ L ISR Mg bl o Snotype 1o,
developeaffyes pidtecd] @hattin@sivedgerial paﬁsagte@ﬁtwm &lls [P 009 M rdr dn® month

to upder st.ood. t hat mhi t.he inyv on has bee
followedo%vs%fq ii&gﬂhweaffpmq PRSP ffphéndpi%éi%sw@ @&émfcfzfreal of
Vzrozogye mggnmess) .taha r(§PRP7tJ‘§1H§€§&{ﬁcFEdn§ﬁfu&bﬁ\g% &§p¥8blEhSar et al.,
Ies hat follow are intended to |IIustra te

2003, Joawlﬁéi’"iq’mﬂ ARSSEOHY: of the invention. Ot her
[oomolps IO e %%w@ad vapt g ?ér e%@ﬁi té&P&‘deb&ﬁici \Q&Sdé%xhlﬁhék}( L.lr‘ﬁre%%gﬁr

he invention w | apparent to t hose

descnbeii ﬁ@k‘éﬁetettﬂb aﬂ%hsbtriwai R@-@ﬂrcrw pa3thxi Brictly, e @9h callllines were
X d I

iR 5o a8 o 2 QP p A COMBbLAAL Lt gy o

three daysrintftesh megitumy Eweaw-fdaoi;ewraﬂemlestaiqsebﬁ pomppatd ahtiviral

ion ontaini Xpr e
sctivity JBPACERRER oy Fp BRI AR B LERe T8 B v, anc
cytotoxi@ipwas sssdefedrtiyt nemnal sddaiyle diplesk el B B SEOKHOICTs, @fiidefectivity index
t he i or rated patent.. patent app|j.catiaon, Qqr .
were calilfien 50T PRSimPaHTHL SeElrubial lidhdt ot fpuoentration
producingen®0% dedudtion! dfntraoellullk HEV RIAAREIA6RE tPthe aIVBrage 1evels in
cular, the clains of  this application.

rti
untreate SSPE. HCOMCTAvTErSOTREARMiSH RO vene RN Mufmqﬁwraceﬂular

HCV RN kddtivéto detdvidido¥ l&felﬂhttﬁ‘ﬁx‘%ét%ﬂ'c@ﬁurés' @@g@&l d8g concentration
interferon a, ribavirin and 2' -Crethyl cytidine was

producings 3096 agdyasion; ofencyirak ied dye up@iﬂe relgliye enthe average frvels in

5 e
e AU HOSORTLSCCATREMS b B DRy o s
standarddepiakiens [ Dybrsery galcnlataddyy linesn gradresstorsamalistis yhg dita combined
from all ?r\ENI@!i culr&%g - rll\/cl)er?ﬁﬂ%r'i g? sfﬂrdu%/ qlfa o ri% e %&éﬁ%ﬁeﬁg%c&{ cs()mpound
based onghgl r¢auit|s dodetermined or the five different rephcon cell lines.

[000102] Nitazoxanide and tizoxanide were provided by Romark Laboratories, L.C.

(Tampa, FL. USA). Recombinant interferon a-2b was purchased from PBL Biomedical
Laboratories (Piscataway, NJ USA). Ribavirin was purchased from Sigma-Aldrich (St.
Louis, MO USA). 2°-C-methyl cytidine (Pierra, et al. 2005, Nucleosides Nucleotides Nucleic
Acids, 24:767-770) was purchased from Moraveck Biocher'ilicals, Inc. (La Brea, CA USA).
Interferon a-2b was solubilized and/or diluted in sterile phosphate-buffered saline (PBS)/1%
BSA as instructed by the manufacturer. Ribavirin, nitazoxanide, tizoxanide and 2’-C-methyl
cytidine were solubilized in 100% tissue culture grade DMSO (Sigma). Stock solutions were
stored (-70 °C for interferon a-2b, -20 °C for nitazoxanide, tizoxanide, ribavirin and 2°C-

methyl cytidine) in quantities sufficient for a single experiment and used only once. Daily



Journal of Virology, 79:2346-2355); (4) 4-3-10, a
subgenom ¢ construct of genotype |b, devel oped by a
w@e@rogol4 t hat i nvol ved serial passage of JW BE€I/US20071000574
100 mM for one nonth foll owed by 400 mMribavirin for
two weeks (Pfeiffer and Kirkegaard, 2005, Journal of
Virol ogy, 79:2346-2355); and (5) RP7, a subgenom c
construct of genotype Ib (Elazar et al., 2003, Journa
of Virol ogy 77:6055-6061)6 [000101] Antiviral activity
for each test conpound e det er ni ned as previously
descri bed (Ckuse et al., 2005, Antiviral Research
. : 23- iefl Licon.cell .lines were.
aiquots B2ie&Poifbouidls forg adeiunn SR SeG tori O indRliigupt tabes and storea
at the apptogtrias: teGgrepatureds Ouecaeh aldy ef trdaiment f dailytdliqgeetsde\ihe test
fresh medi um . Twenty-four.hours after the |ast, dose of
compoupds Weks Hspeited sAPnttisis sl SdeSmerpyiatan By iBediately
added tohthid cell cakriiies tharedl yabjsctirig daah fatigadd off tast dobipodhdto Bietame,
lhnﬁed’c%t8£P%é§%%£éégg%>assessed by neutral red dye uptake.

Afi¥Ssel ectivity i ndex were cal cul at ed

[000103f Or eNihzx@ARRUR tZ8%hfHe bdle@iveBPlddaof GRlakeliIRCHCRGRBlication
) :ﬁgr g concentration producing a 50% reducti on of
in each gf the ﬁ(yg

ng p .
HGY genpgaye Rrgerived senlicenicsll dines flaradr MediandECsos were
0.13 uM dhdUi 5 @A a2 5hxanfHeU ek Bl
_“ roducigg ggggﬁ?%g%ﬁg?ion %% inffgﬁgﬁﬁﬁﬁgﬁcﬂ%@ﬁ%ﬁ&oOB6IUﬁnL

for lnter%é‘l’faﬂi'% OaMHer ribavisigand @viepM far 20GE-netind dytidineur es.
CC50 = drug concentration producing a 50% reduction of
neutral red dye uptake relative to the average |evels
in untreated cultures. Selectivity index = CC50divi ded
by EC50. EC50, EC90 and CC50 val ues ( standard
deviations [S.D.]) were calculated by |inear
regression anal ysis using data conbi ned from al
treated cul tures. Medi an EC50and EC90 val ues were
cal cul ated for each conpound based on the results for
determned for the five different replicon cell |ines.
[ 000102] Nitazoxani de and tizoxani de were provi ded by
Romar k Laboratories, L.C. (Tanpa, FL USA). Reconbi nant
interferon a-2b was purchased from PBL Bi onedi ca
Laboratories (Piscataway, NJ USA). Ri bavirin was
purchased from Signa-Aldrich (St. Louis, MO USA).
2'-C-nethyl cytidine (Pierra, et al. 2005, Nucleosides
Nucl eotides Nucl eic Acids, 24:767-770) was purchased
from Moraveck Biochefhicals, Inc. (La Brea, CA USA).
Interferon a-2b was solubilized and/or diluted in
steril e phosphate-buffered saline (PBS)/1% BSA as
instructed by the manufacturer. Ri bavirin,
ni t azoxani de, tizoxanide and 2'-C- nethyl



cytidine were solubilized in 100%tissue culture grade
DVBO (Signa). Stock solutions were stored (-70 C for
WO niognswron a-2b, -20 OC for nitazoxani de, ti zZPXEOBIHET/000574
ribavirin and 2' Crethyl cytidine) in quantities
sufficient for a single experinent and used only once.
Dai | yal i quots of test conpounds were nmade fromthe
stock solutions in individual tubes and stored at the
appropriate tenperatures._ On each day of treatnent,
daily aliquots of the te‘s,%7ton'pounds wer e suspended
into culture nedium at roomtenperature, and
[ n_-o A df%tto t he "eII.cy es,. t her eby
£.D 3t comppunds against HOY repligation., 0 o o
o8 S—coRpS ;
ze-thaw_cycl es. [000103] ]
LW de ol i(”M)}L r od &g (BM) S.L
HCV replication in each of the five HCV
not ype 1-derf ve®12&f-P2on cel 1-0%Aes (Tabl 89839 300
Nean EC50S wer e083#30.8M and oldst @M for ni #8Zbkani de 149
Wind tizoxani de| r@dpecPlely, céd®aPéd to 0.884 LOnL 354
4-3t18f interferon| a-280+6903M f or 0§70 0il6 n and 32 .110.4M 340
RPfor 2'-C nethy] cQ4pdi®Bl Tabl e 12RBllative pdBend§ of 238
Median conpoundsiiafal QSE FEN T8 1 c3 jeedr ug Cell line
Tizoxahtdk) M) ECO (MM CC50 (mV) SX 1 Nitazoxani de AVA5
AVAas513 0.02 1. 00.22390.08. 9 300.7¥Fh:1geo 0. 33510285 208
‘H/FL-Neo0.1 49 1.5 029+0830.11 Q00404 0 0.243%02 0 17
w354 4-3-10 0.10 0.1863:®087 0. u676340.03 4 3400RR720.16 150
4-30,001 1.2 0.1 38 0Q1& @88 Medi @ssTipmsani de wim AYAS 191

AY,

RPP.12 0.01 0.7/ ©.13Q-@b1 2.8 20f Hophlg Neo 0235 18.03 147
Mediin 0.1 4.2 B s SR e 0.03 24 2.9
Interfi j&;g 2B (XU )J' : ' - '
A\f‘i PGP 1p 251 51: (o167 Medgan, 4 ¢ >10000 >6667
H/FL-Neo 2.1+0.2 94+09 >10000 >4762
JWT 0.77 £ 0.03 26x£02 >10000 >12987
4-3-10 0.86 £ 0.06 5.7+ 0.4 >10000 >11627
RP7 0.41 £0.01 3.6+02 >10000 >24390
Median e 086 e
Ribavirin
AVA5S 70+ 0.5 220+ 34 84+47 1.2
H/FL-Neo
JWT 2322 62x1.7 89+75 3.9
4.3-10
RP7 6944 122+ 13 77+49 1.2
Median
2’-C-methyl cytidine
AVAS >300 >143
H/FL-Neo >1000 >556
JWT >300 >136
4-3-10 >300 >143
RP7 >300 >150
Median

" 8.1 (Selectivity Index) = CCso/ECsg



Interferon a-2b (I1Uinl) AVA5 1.5 0.2 8.2 0.8 >10000
>6667 H FL-Neo 2.1 0.2 9.4 0.9 >10000 >4762 JWI 0.77
w@2®3/081984 0.2 >10000 >12987 4-3-10 0.86 0. O6PGI/¥S2007/d00574

>10000 >11627 RP7 0.41 0.01 3.6 0.2 >10000 >24390
Median Ribavirin AVA5S 70 0.5 220 34 84 4.7 1.2

H FL-Neo JWI 23 2.2 62 1.7 89 7.5 3.9 4-3-10 RP7 69
4.4 122 13 77 4.9 1.2 Median 2'- C—rrethyl cytidine
AVA5 2.1 0.2 8.1 0.7 >300,,>143 HFL-Neo 1.8 0.2 8.1
0.8 >1000 656 JWI 2.2 008 B. 2 0.7 5300 5136 4-3. 10
2.1 0.18.0 0.9 >300 >143 RP7 2.0 0.1 9.0 0.6 >300
>150 Median 1 S. 1. (Selectivity Index) = CC50/ EC50 f

| SEXAMPLE 2 SYNERAQ STI C ACTI VI TY OFNI TAZOXANI DEAND

TI ZOXANI DE WTH OTHER ARXmMe(l/2 DRUGS [000104J Activity

treat ment s WI ts with n|t azoxanl de ERKNTI HCV DRUGS

II L=y =N,

ni t azoxani de pl us 2' -G mat hyI cyt| d| ne and ti zoxani de

[000104P! US Rctikity Bt dbphbidiotirBAnRERI Wih nﬁ@éxaﬁ‘ﬁe';ﬁ@st in@é}féi\&ﬁ &-2b,

evaluated in the AVAS replicon cell line using t
tizoxanide plys daterferon wadb) yitavezanidp ptis(AxCsecthyl cazltld;neZaGﬂa}zoxamde plus

2°-C- meﬁWl cyrh&%le gﬁg@ﬁ&@ lﬁe%hggho% \)vere evaluated in the AVAS5 replicon cell line
using the methods previously described (Okuse et al., 2005, Antiviral Research 65:23-34).

Analyses of interactions between compounds used in combination treatments were performed
using Calcusyn™ software (Biosoft, Cambridge, UK).

[000105] Combinations of nitazoxanide with either interferon a-2b or 2’-C-methyl
cytidine and tizoxanide with either interferon o-2b or 2°-C-methyl cytidine exhibited
synergistic interactions against HCV replication (Table 2, Figures 1a and 1b). In Figures 1a

and 1b analyses of interactions between compounds in combination treatments are shown.

Table 2. Relative potency of combination treatments against HCV replication in AVAS5 cell
cultures.

Treatment ECsp (uM) ECyo (nM) CCsy (uM) S.I’
Nitazoxanide (NTZ) 0.21 % 0.03 0.93 £0.11 3818 181
Tizoxanide (TIZ) 0.15+0.02 0.81 %+ 0.92 15£1.2 100
IFNo-2b 1.9£0.22 8.9 + 0.92 >10000? >5263
2’-C-methyl cytidine 1.6+0.2 8.3£0.7 >300 >188
(2’CMeC)

2°CMeC + IFNa-2b, 1:1 0.67 + 0.007 2.3+0.3 >300 >448
NTZ + IFNa-2b, 1:10 0.06 +0.008  0.25+0.03 33+1.3 550
NTZ + 2°CMeC, 1:10 0.07+0.005  0.28 = 0.02 35%£1.5 500
TIZ + IFNa-2b, 1:10 0.07 + 0.01 0.22 % 0.03 17+1.3 245
TIZ + 2°CMeC, 1:10 0.06 £0.004  0.19+0.02 18+ 1.1 300

!SI = CCs5/ECso. 2 Values for IFNa-2b expressed in TU/mL

[000106] Figure la presents CI-Fa (Combination Index-Fraction (of virus) affected)
plots (Belen'kii and Schinazi, 1994, Antiviral Research 25:11-18). For these plots, a
combination index [CI] greater than 1.0 indicates antagonism and a CI less than 1.0 indicates
synergism. Evaluations of synergy, additivity (summation), or antagonism at different levels
of virus inhibition (e.g. 5%, or Fa=0.05 to 99%, or Fa=0.99) are provided by the plotted lines
and points. Figure 1b shows conservative isobolograms. For these plots, ECso, ECs, and ECoo

(50%, 75%, and 90% effective antiviral concentrations) values for the combination



Anal yses of interactions between conpounds used in
conbi nation treatnents were perforned using

w@adocsyr{t m) software (Biosoft, Canbridge, UKPCT/US2007/000574
[ 000105] Conbi nati ons of nitazoxanide with either
interferon a-2b or 2'-C-nethyl cytidine and tizoxani de
wWth either interferon a-2b or 2'-GC nethyl cytidine
exhi bited synergistic interactions agai nst HCV
replication (Table 2, Figgres la and Ib). In Figures |
a and Ib anal yses of intéractions between conpounds in
conbi nation treatnments are shown. Table 2. Rel ative

weaimenfOh BRI SOTEAAR0RE rhARNER LEnARL AR ndrthe aves aeppre e

expectedHER. @diidtiveTBC s, BEKYys, 8id ECobivalnes Ranirdge c¢mibinptionPds cadcud@ed

som s o B, OB T Gt Rt oo
(e.g. less>th@AOEX the 262Espording-linet fnydicary tsylﬁﬁr@% abd6vahids %lc&tigg gg&% right
>300 >188 (2' CMeC) 2' QVeC + | FNa-2b, 1:1 0.67 0.007
(e.g. gre%?é&aejlgp@gdeﬂé F‘Ri*éqgesllli‘f‘dﬁ@t%f“aﬁoﬁ!@“b. 06 0.008
0.25 0.03 33 1.3 550 NTZ + 2' CMeC, 1:10 0.07 0. 005

0.28 0.02 35 1.5 500 TIZ + IFNa-2b, 1:10 0.07 0.01
0.22 0.03 17 1.3 245 EKaMPIB3CMeC, 1:10 0.06 0.004

ENHANEED & cTBiPE of INTERFEROR ALPES HNITAZSHRRIDEGTPER PREVES: ATRIENT WiTH
—  TFN -2b expressed 1n TUnl [O00I06] Figure Ta presents

- expressed I n gure Ta presents
Cl - Fa (Combi nati on | ndSAZOXANIDEN (of virus) affected)

| ot e  pazi _ i _
(0001078, 2SS RPAERS e o opplt-fiding it fuadfunleiflonso grament vt
combinatind dseafn@iiits, gulintes werh gneatbd dor either dtaes days agtinhisaroaanide,

. Cl ss_4.han i_ndi cat es synerqgi sm .Eval uations.of
interterofpeaBy s et} o R RS s e o e er
interferogti d-28102 2t -3-metlys cofidine! AReinativély! &DRiréLwere tR%tedWith

. Fa=0,05 to 99% or Fa=0.99) are provided by the o
nitazoxagidstfoed deyhdellawer by anedditiongl# dayspidregtment ovigen gampination of

. ' | gt 1 ECT %o

nitazoxe R AR B Terk by o B PG Patb T i [Ant O iy aga
cytotoxivigy was déermired 2d drimrnafierahe pedivfieachsesreetivk sphtmentasndescribed
S§i ngl e points. Three lines radiating out fromthe axes
denote t he expected (e.g. additive) EC50, EC, EC90
[000108}al ueRreftesatidentgvitio nitazaiahiledmpsoved| thelpotehely of combination

treatment with nitazoxanide plus inteferon o-2b by approximately 3-fold (Table 3 and

previou

Figures 2a and 2b). Pre-treatment did not, however, affect the potency of combination
treatment with 2°-C-methyl cytidine (Table 4). Figures 2a and 2b show analyses of the effect
in cultures pre-treated with nitazoxanide before treatment with nitazoxanide plus interferon
o-2b. Analyses were perfm;med using Calcusyn™ software (Biosoft, Cambridge, UK). Two
types of evaluations are presented. Figure 2a presents CI-Fa (Combination Index-Fraction (of
virus) affected) plots (Belen'kii and Schinazi, 1994). For these plots, a combination index
[CI] greater than 1.0 indicates antagonism and a CI less than 1.0 indicates synergism.
Evaluations of synergy, additivity (summation), or antagonism at different levels of virus
inhibition (e.g. 5%, or Fa=0.05 to 99%, or Fa=0199) are provided by the plotted lines and
points. Dotted lines indicate 1.96 standard deviations (not shown in Figure 1a for clarity).
Figure 2b presents conservative isobolograms. For these plots, ECsq, EC7s, and ECg (50%,

75%, and 90% effective antiviral concentrations) values for the combination treatments are



from the nonot herapi es. EC50, EC7 , and EC90 val ues
for the conbinations that plot to the left (e.g. |less

wo banpsif4 t he correspondi ng |ines indicate syneemys20aTiaho574
val ues plotting to the right (e.g. greater than) of
the corresponding lines indicate antagonism EXAMPLE 3
ENHANCED ACTI VI TY OF | NTERFERON ALPHA +NI TAZOXANI DE
AFTER PRE- TREATMENT W TH Nl TAZOXANI DE [ 000107] To
eval uate the effect of pr gtreatlng wi th ni tazoxani de
prior to treatnent with r?mnatlontreatrrents
cultures were treated for either 3 or 6 days vvlth

dplayeid SERITHUAS, THALSEE OBy Al S TBLIL LT 5.
additive)aEka, BC72'anCE@Bb hgdhes:ﬁdriddmg]eommnbeomsau cabduated flohuthes

monot 5 HERE Ml L e IR

less thandbf thetcaﬂ'ﬁxpdmcﬂﬁg gﬁds iadicagy syInBigls'E hed O4lues ﬁlbttg{g to the right (e.g.
t tiviral activity an
greater t%%ﬂ)&f g‘? ‘é‘%/rf‘ifpéﬁémﬁ E‘PS? W IHABRIUPE- after the end of

each respective treatnent as described previously.

Table 3. BORLAHNTY Pt QAR bn Welibin) bl RAPXIPNECHIBHIMES Th M ment

pot enC)T of~ CPHEY On 1T Ean{Ey T T taZoxXa R U/mL
TreatmPa!S | Nt eferortdgyﬁbquEégf@%.‘El%% kol d ECoy (M
IFNc NS ; 83+0.9

however, affect 6.t he potency of conbi nat| on t § nt
IFNa it h 2' - C et hy® cyti dine (Tabl e 4), ures?! 2p 7-8+0.8

NTZ  show anal yses of the dl-2é&t0-9% culthﬂhé’s pre- treat ed
NTZ with nitazoxani @ bef 0?20 tr&82 meft-92uEt0R thi t azoxani de
NTZ + IpNos 1li X2 er f er on 3a- 2b. OA¥Rak P49 Wek.27 HpeéxG3or medB2us D10g 2.7+0.3
NTZ + IE€alogusyn(t m softt war e O((Bi HHE0 @’ZﬂDﬂ:IOdI}E‘ U@Si@w
NTZ, théNew-aFNeval uats ons BRI AR om0 50 :
Cr- |—a(L,orm|nat|on|ne- s '
plots (Belen'kii and Schinazi, 1994) For these pl ots,
Table 4.2ESRELARTE BletrdfiGiin &1 KQURALE N1 @nCI%e% tgrql'bﬁm%'ﬁgﬁ Treatment
ti ‘m_l Ihvrel
Treatm@{tal uatl ons 0O er Ve Cad ND.? (s B.tl ?ﬁ%}(um
6.2+0.5

2,CMB e.g. 5% or Fa30 05 to 99% or Fa 0. 99) are db
2’CMeG the plotted % nes and points. Dotted Iined3ishli%cate 5-8+09
NTZ 1796 standard dévi ati dh32g&b93 shod@ #@-Fi gure Ia for
NIZ clarity). Figur® 2b pr®&2emtG02ondb?2ai0iike
NTZ + 2’ €dibefl.0gt dns. F&r the@eDSpi:OtQﬁ)ﬁ ECDs =B, iy -£EC90  1.8+0.2
NTZ + Xe06C,75% and ®0% ef 0dX5+ 008Nt i01 T £10.6G30NCcOB4A0i06NS) 1.9+ 0.2
NTZ, thenal ues for the &onbi n8tdéon 0t00Sat e & 0c0xdi 9Fsayedsas 1.7+ 0.3
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denote the expected (e.qg.
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EXAMPLE 4

ENHANCED ACTIVITY OF INTERFERON ALPHA AFTER PRE-TREATMENT WITH
NITAZOXANIDE OR TIZOXANIDE

[000109] To evaluate the effect of interferon alpha following pre-treatment with
nitazoxanide or tizoxanide, a parental replicon-containing cell line (RP-7) was serially
passaged in increasing concentrations of nitazoxanide or tizoxanide. Anti-HCV activity of

interferon alpha-2b was determined using the parental cell line and using the cell lines



addi tive) EC50, EC75, and ECO90 val ues for drug

conbi nations as cal cul ated fromthe nonot her api es.
wESHo/sBEy , and ECO0 val ues for the conbi natipPCEUS1¥aT/000574

plot to the left (e.g. less than) of the corresponding

lines indicate synergy, and values plotting to the

right (e.g. greater than) of the corresponding |lines

i ndi cate antagonism Table 3. Effect of NIZ

Pretreatment on Activity gf NTZ+l FN a Conbi nati on

Treatment Duration NTZ fr?%b | FNa- 2b (1 U nL)- Treat ment

(days) EC50(m\/p ECO0 (mM EC50 (mM ECO (mM | FNa 3

oy e b ey oA oo
the methbdd @esdribed8bow. 010 0.27 0.03 0.82 0.07 2.7 0.3

Tabl e. 4. Effect of NTZ Pretreatnent on tivi f .
(000110} 75", SrH& e spbon Gmtaingi e yirs el sk by sfgptroporation
- of RNA gééaﬁghGeﬂ &Mélg Sl S%béﬁ%ari%egfﬁnoégl s}mE(ﬁQtQ H% Cc:e:lls
(Blazar of o, 200%)) BagrTg1 beaceni segombaenrefion high-ofifionybigristronic

sub- gen&n@erl%dggofééegl%tyﬂg %ngdif%nﬁg% %@adéptﬂv@ r§ut9t1915 58 17985 n the

NS3A genepand thegpmy/cinphogplpdrapsisrase geneimthg firgt czstmz The mmtreporated

e

glucose, PREUEREAT RENFoNUMHpNuYAZOXHRIBEECBR 070 120XAN M2s[feebbedhe
e, 3SR L5 LS R AL € s
Non—Esspamail ruminor Apids €000 (Frvatrogeny--arel 1 mig/mé GARB: ?)ﬁan@sweeks, G418-
resistantsc’:gfrjn‘rflelsl %peared. One of the resulting colonies was isolated, expanded, passaged in
700pg/ml G418, and termed RP-7.
[000111] RP-7 cells were subjected to a resistance-promoting regimen as follows. The
cells were grown in the medium described above containing 700pg/ml G418 (Invitrogen), 1%
tissue culture grade DMSO (Sigma), and an initial low concentration of nitazoxanide or
tizoxanide which was then steadily increased every week, with an intervening 2-day drug
holiday in between each dose increase. On days 1 through 5 of each dose of drug, the media
was changed daily to provide a source of fresh drug. No media changes were performed on
days 6 and 7 (the drug holiday). The initial concentration of nitazoxanide or tizoxanide was
0.02 pM, followed by 0.05 pM. 0.1 uM, 0.5 uM, 1 pM, and subsequent weekly increases of
1 pM. A final concentration of 11 pM was used for the cells passaged in nitazoxanide while
a final concentration of 8 pM was used for cells passaged in tizoxanide. The resulting cells
were subsequently passaged at this final concentration for at least 2 months prior to being
used to test the anti-HCV activity of interferon alpha-2b.
[000112] Results are presented in Table 5. Serial passage of the parental cell line in
* increasing concentrations of nitazoxanide or tizoxanide did not induce resistance to interferon
alpha-2b. The cell lines passaged in nitazoxanide or tizoxanide were actually 2.5 to 7.6-fold
more susceptible to interferon alpha-2b than the parental replicon-containing cell line, which

was not passaged in nitazoxanide or tizoxanide.



passaged in increasing concentrations of nitazoxanide
or tizoxanide. Anti-HCV activity of interferon
wab@has®mi was determ ned using the parental cePdT/U52967/000574
and using the cell linesobtained after passage in
ni t azoxani de or tizoxanide. Anti-HCV activity was
determ ned by the nethods described above. [000110]
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_RP7 celig passaged iptigoxpaids 100003t @01, 0o+ 81041 boviWE0ser unt62500

1% Penicillin-streptomycin, 1% L-glutam ne (final
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- a4 CO o

ni eExaprpeaned. One of the
as | &I at ed, expanded, .passaged in
.'_ ok A 0 ‘,.‘_ A A

wer e subj ect ed to a resk&b&n&é@romti ng regi nen as
ol | ous. e cells were 0] in the medi um descri hed

o013}, B8] ﬂ??@t%ry@wmgﬁ?%@sa @qwﬁ%—?}%@é y ofdlia’s e

(pharma@eihtidl EordipEsiRodBRPLSING Y, nRiMdxaMidL Rhl 1184 tik&Wnide as active
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agents) piRIRISEred AFally a5 P QA medablgbiwicadaily fogi 2 ivenks compared to a
placebo iR rBAMS pMEnts WAN clilfdiﬂc Héﬂa‘tiﬁgbo dho h"!é%e%éféﬁé%ere

i ncrease. On days t hrough ed ose of drug,
enrolled; g4 ghrae giudy wites BhBggud3dat Caira.d 2mt dlexpadbiagond 6o Tanta. Three

. f '
patiens 6570 i 4. EP g ARSI BT A0 85 o
post-treatineat follami-dp. Ometpationtadid ot warsnodollo-up efteoweek bY. Each of
. b ent. week|.
v e By s B, T8 AR SR SAUERE Ut
Flowchars €2hef mtictihhwas edisfeped seigehkparitin Bl dnox atiedetioht was HBeAg-
negativd, 8 SO S R4 R R St laek g protocol cated
for use cfubsiatueni-trganagfidgRm @l patitis tdddemigal) genihe Prindity kSficacy
) ahﬁl east 2 .m)ntgs cigri or, to &e{)i ng used to test the

analysis, e Hpiey FRLTRG 03 BpPRegha PEfosmTesP S 31, megiygtairere excluded
from thdRefFidhdySardl fsif I THE Phtesht who [BBpFedout 28kt Meeld 23 $H3EnAhided in the

the parental cell |jne iin increasing concentrations of

p . A .
efficacygnplysis,aadigalyged ep s Aasitiel lastebaervaion earicd derveardn Bemographic
and dischSe-tdMit8d tRAr@Bteristics for the 47 patients included in the efficacy analysis is

summarized by treatment group in Table 6.

[000114]) At each study visit, the patients were questioned regarding treatment
compliance. With one exception, each of the patients completing the study reported that they
had been compliant with taking the medication. One patient completed the study but reported

sporadic noncompliance with taking medication due to abdominal pain.



al pha-2b. The cell lines passaged in nitazoxani de or

ti zoxani de were actually 2.5 to 7.6-fold nore
waaEcepdrbl e to interferon al pha-2b than the peCEOSZN7/000574

replicon-containing cell |line, which was not passaged

i n nitazoxani de or tizoxanide.Table 5. Potency of

Interferon a-2b Against HCV Replication in RP7 Cells

Bef ore and After Serial Passage in Increasing

Concentrations of Nitazgégnide and Ti zoxani de Cel

line ECS(mMM) ECO (mM) o (mM) SI Parental cell line

(RP-7) 0.41 0.01 3.6 0.2 >10000 >24390 RP7 cells

3
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Meaith¥Ri stered oral |y &9-3F880 ng #3017%%4 t wi ceA 8N f or .08
Median (Ranegg) conpar ed t 048 (BT-&¢kbo i G5e@Di ng @&
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Meaget®Denr ol | ed at t hr 8e2stl3d®/ si t&&8 ith6Hgypt :8739+23t.0 .62
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BodyMagsgedexout of the study i mediately after enroll nent
Mean#lSI3i d not return f@9.4a§.5post - Pdathent f 029.8wGp. .62
Medae (Radgegnt di d not 282 (Xkd4T)or L3131 @24TY af 2&8 (RbdE)

Viral 1éhd (Eaghllddmlt)ae remai ni ng 46 patients conpleted the
Meats8p. See FIG 3 for 524m¥ient @.3position ADwolgart. .43
Medag (Radgednt was co- i1 exbasis t 5.4@mabi3di s BIVBIL6.5)

Viral T&¥ Ss0o,c00tTUxas. HBeAgnegat i ve, and gn excepti ongwas 49

Elevat@dgr o all ow enrol |l nengjof this pat3 ent. The pmgot ocol 23

Necrdigflhfphafi?y stige: of an intent-to-treat popul ation (al
Me#pi§Pnt s random zed) g@r+3be pringgwsefficacy 7427 51
Meda(®ahge) The three paibamys thats gyeopped ous shefigne

Liver' @&ty ng any nedi cation were excluded fromthe
No &bfdsgacy anal ysis. The pgatient who dropped out gfter g5

FibiR€ Hottal &gl uded inyghe efficacy anal ysis agpd
Briddla ﬁgﬁ%i n the basis ofi4l ast obserwation carrigd
. b i gy aphi c ang di sease-relat ed _

g: 515 géc%%ﬁ f% éd)for the A7 pati entsll ncl uded i n?t he
Previ l* ﬁg&ﬁ ySI's is sungnari zed by great nment group in 67
peginterferon/mbavirin
Diabetes mellitus

Controlled 7 4 3 .70

Uncontrolled 3 1 2 1.0

! Fisher’s exact test or chi-square test used for comparing proportions, t-test for means.



[000114] At each study visit, the patients were

guestioned regarding treatnent conpliance. Wth one
we@e8i90h, each of the patients conpleting theCHUSIY7/000574

reported that they had been conpliant with taking the

medi cati on. One patient conpleted the study but

reported sporadi c nonconpliance with taking nedication

due to abdom nal pain. Table 6. Denopgraphic and

Di sease- Rel at ed Char act er| stics AU Subjects Active

Pl acebo P1 Race: Caucasi gn 47 23 24 1.0 Gender:

Mal e/ Fermal e 39/ 8 19/4 20/4 1.0 Age (years): l\/ban SD

47.3 9.3 49.7 8.4 45.0 9.6 .08 Medi an (Range)

ooons( 27> ool 800,600 il @%nge%%i%

proportidnte- ik pgi8 4e{poadd3 0 tHB2activb irbdBerBeiyuasssipndeantiyvhgher than

i the plagaly iy insin? gm0 3. HinplopicBspaips idRacR T yTen HOV

RNA) wd:xH/dbhérveﬁ/EﬁWeaEé 45(r2—€3) 7w53188 Qn=73)5m3 Week 2040=VRdEa¢h of these
( Range) é ‘; 0-6.3). 5.3 (3.5-6.5)
response; WeLe mae}aams G‘GOB%‘EP tﬁkmeaf@est nen%b El evated ALT 3 1

13 18 .23 Necroinflanmatory score: Mean SD 6.0 3.2 6.3
Table 7.3ifole i%ﬁes onseh byetteditndriR@gg) S (2-17) 5 (3-17) 5.5

. . Pr
Responders/Total (%) 7/23 (30.4%) 0/24 (0%) 0.0039
1 two-sided Fisher’s exact test
{000116] Demographic characteristics, baseline laboratory data, data from liver biopsies

and medical histories were evaluated to identify independent predictors of virologic response
within the active treatment group. Predictors of response are listed in Table 8. The most
significant predictor of response was lower viral load at baseline. All responders had
baseline viral loads <384,615 IU/mL. Laboratory values at baseline (platelet counts,
prothrombin time and alfa fetoprotein) also suggested that the responders had less severe

liver disease.

Table 8. Independent Predictors of Response

Predictors of Response P
Lower viral load at baseline .0086
Indicators of less serious liver disease
- Higher platelet counts .0385
- Lower prothrombin time 0579
- Lower alfa fetoprotein .0696
[000117)] Further analysis of patients with complicating disease-related factors such as

high viral loads, cirrhosis, uncontrolled diabetes mellitus or hepatitis B co-infection showed
very poor response rates in these subsets of patients (see Table 9). Fifteen (15) of the 16
Alinia® treatment failures had high viral load, advanced liver disease, uncontrolled diabetes
mellitus or hepatitis B virus co-infection. The Alinia® responders can, therefore, be described
as patients with low viral loads (<800,000 IU/mL) whose disease had not advanced to

cirrhosis and who did not have uncontrolied diabetes mellitus or hepatitis B virus co-



Fi brous portal expansion 18 8 10 Bridging fibrosis 14
7 7 Crrhosis (conpensated) 3 1 2 Cirrhosis
w@ decosppensated) 4 3 1 Previously treated w t hpGI/BSD07/000574

.67 peginterferon/ribavirin D abetes nellitus

Controlled 7 4 3 .70 Uncontrolled 3 1 2 1.0 Fisher's

exact test or chi-square test used for conparing

proportions, t-test for neans.1000115] Virol ogic

responses are sunmari zed ?y treatnment group in Table

7. The proportion of virg 0gi ¢ responders in the

active treatnment group was significantly higher than
infection wa% §2ﬂir%§%§e?s& aegF 21{ %h%raﬁﬁ1 e ﬁ% %)oulp\eﬁ 0| orgorchdstory of
treatmen‘atmh@egﬁltérfémnﬁ)havme kOBe (vas*—ﬁx)latﬂél (i o] mkteaﬁg(meﬂe)on/ Ebatirin and

dlscontmlufzggt?ese rﬁ%‘p f 8186 rn aﬁaalafp llg\}\frgﬁg %ﬁg gi%g;f 48 weeks of
peginterféf@d@iibBAtin G oup Actlve Pl acebo P Responder s/ Total (%
7/ 23 (30.4% 0/ 24 (O% O 0039 1 two-sided Fisher'

exact test [000116] raphi c. characteristics,
Table 9. Responge Rates ip Patients Mh omplicating INseasgRelaipd Fagtars ang

Compligating disegse-relatgdrfactoys| yat ed t o i dent jiRgsponders/Total
Highadisé tepshe>89P H80dUGNE) of vi rol ogi ¢ response wi #8in
Advemced liverdiseasgt eipthpsigr oup. Predictors of respo®8e are
Adlvaniced liver disdse: Bridgihe fiboasis si gni fi cant predi ct®® of
Unemuobied dialstésonellitusi ral | oad at baseline. Al 0/3
Hemsipisienss hadnfeasal i ne viral | oads < 384, 615 10/ini.
Highboradiead/andaditrbesiat basel i ne (pl atel et counts, 0/1
Highotital dodal and bridgiag fibedsisa f et oprot ei n) al so sug@@dst ed
Highatirdl head, anponitidlied didbtdsemd midginigefibioggr di seadM.

Tabl e 8. I ndependent Predictors of Response Predictors

of Response P Lower viral |oad at baseline .0086

[000118] Sustained Virologic Response: The 7 virologic responders were followed up at

least 24 weeks after the end of treatment, and 5 of these patients had a sustained virologic
response (undetectable serum HCV RNA) at follow-up. Sustained virologic response rates
are presented by treatment group in Table 10, Two patients failed to maintain their virologic
responses off-treatment. One patient only completed 8 weeks of treatment. One patient
completed the study, but reported sporadic noncompliance with taking medication due to

abdominal pain. Each of these two patients had advanced liver disease (bridging fibrosis).

Table 10. Sustained Virologic Responses by Treatment Group
Active Placebo P*
Responders/Total (%) 5/23 (21.7%) 0/24 (0%) 0.0219

* two-sided Fisher’s exact test

[000119] Changes in Quantitative Serum HCV RNA (Viral Load): Mean quantitative
viral loads for the active treatment group, the placebo treatment group, active treatment group
virologic responders, and active treatment group virologic failures are presented in Table 11
and FIG. 4. Reduction of the mean quantitative viral load from baseline to end of treatment
was significantly greater for the active treatment group (reduction of 1.55 +2.34 log;o IU/mL)
than for the placebo group (reduction of 0.21 +£0.98 log)o IU/mL) observed for the placebo

treatment group (P=0.0166, t-test). The reduction in mean viral load observed for the active
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of patients with conplicating disease-related factors

such as high viral |oads, cirrhosis, uncontrolled

di abetes nellitus or hepatitis B co-infection showed

very poor response rates in these subsets of patients

(see Table 9). Fifteen (%;) of the 16 Alinia(r)

treatnment failures had high viral |oad, advanced liver

di sease, uncontrolled diabetes nellitus or hepatitis B
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group had a prior history of treatnent with

pegi nterferon/ribavirin. One was unable to tolerate

Table 1RL4H 6LSARAGVE SRV Hdv anch discapld W?%am@ﬁt&@%@fe&ﬁr
Virologi®@ ]Tlggmqtj)gﬁd rel apsed foI | owm ng conp etion of

Responge
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Alinia di sease: br] 3 i ng f 03| S Unco ol | ed, abet 1% 377
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mn viral |oad il CII‘I‘ i s 0/t°Hi gh | od nd

, | S|sO/1 [000118] Sust ai ned
Virol ogi c Response: The 7 virologic responders were

vt P BB AR B R o

IU/mL) vi rol ogi ¢ response (undetectable serum HCV RNA) at
Patient lie 1, Weeled roWeels Buup Weekrkh) Week 16 Wl 20n; Weck 24

#1 falle‘ﬁ370 rralntalnthel"r?wroloélc *

#6 5.64 * * *
#15 5.22 5.43 5.57 5.98 3.74 C ok *
#17 5.30 * * * * * *
#21 5.00 423 * * * * *
#37 4.70 * " * . . .
#40 4.25 5.56 * * * * *

* Below limit of detection (10 IU/mL)

[000120] Changes in ALT: Mean changes in ALT from baseline to end of treatment
were not significantly different for the two treatment groups (-3.9 =32 for the active treatment
group and -1.3 £42 for the placebo group, P=0.82, t test). Categorical changes in ALT from
baseline to end of treatment are summarized by treatment group in Table 13. Three of the
virologic responders in the active treatment group had normal ALT values at baseline, which
remained normal at the end of treatment. One of the four virologic responders with elevated
ALT at baseline had normal ALT at the end of treatment while the ALT for the other 3
remained elevated. Four of the five patients with sustained virologic responses also had

normal ALT after 24 weeks off-treatment.



responses off-treatnment. One patient only conpleted 8
weeks of treatnent. One patient conpleted the study,
whea7/0&0f t ed sporadi ¢ nonconpl i ance w th takiPQr/us2007/000574
medi cati on due to abdomi nal pain. Each of these two
pati ents had advanced |iver disease (bridging
fibrosis). Table 10. Sustained Virol ogi c Responses by
Treatment Group Active Placebo P* Responders/Total (%
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Vi spon /er tine are presented | bl'e
enrolled i therstudy. Glorpurfredss of this rapedtnn@adinsineitts havedemenmade\ro account

NAD Time by Treatnment Group and Virol ogic
formulﬁgespo\r;}g%&( Logio U nL) Week Week Week Baseline Wek 4

[000122)\¢ek Birdbgic t8pdiGe 28te dreAiresendNignireadimsnbg@iip Hyztudy. @8ter in

4.5.61 5.42 re nsder,s Pl acebo 5.16 5.17 4.73, 4,95
Table 14 Th hihpt repgfise ar OOsoEred jn PEGTIE sRatiem o' ordnélCao study
center isAltiribuied4o AsedsSfk18ted GhraBbrifids D paticite pmiiddras the different sites.

al ues, bel ow ] ower |in.t of detection
Each of ¥he 9 patients enrofleciNien the active treatment group at &EéOAIIe)L(JaAnncHa and Tanta

centers had high viral loads (>800,000 IU/mL), advanced liver disease, uncontrolled diabetes

mellitus or hepatitis B virus co-infection.

Table 14. Virologic Response by Treatment Group and Study Center

Cairo Alexandria Tanta
Active 7/14 (50%) 0/6 (0%) 0/3 (0%)
Placebo 0/15 (0%) 0/6 (0%) 0/3 (0%)

P=0.0453, Cochran-Mantel-Haenszel test

[000123] A summary of response rates for the active treatment group by disease-related

complications and study center is presented in Table 15.



Table 12. Quantitative Serum HCV RNA over Tine for

Virol ogi c Responders (Logio IU L) Patient Baseline
wo\e@k/og19veek 8 Week 12 Week 16 Week 20 Week 24p&T/tIS2003700574

* k k *x 46 5,59 5.64 * * * * #15 5,22 5.43 5.57 5.98

3.74 * #17 5.30 * * * * * #2171 5,00 4.23 * * * * #37

4.70 * #40 4.25 5.56 * * * * Below limt of detection

(10 1W L) {0001201 Changes in ALT: Mean changes in

ALT from baseline to end.gf treatnment were not

significantly different 9 r the two treatment groups

(-3.9 32 for the active treatnment group and - 1.3 42
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Factorsgp (,‘gl ‘, t oy oot bl A 19

oo croaut ||\.|rt BIVUH I IT 'IMUI

t he virol ofgl c responders i n the—astt "st“‘E'e'—“' .e.n.t -0+~
Camplicating factoy o 1 i GAITo, i : :
High viga! laad ¢ he end of treatment.
Crhesiogi ¢ responders with el evat®¥ ALT at basel i ne Orﬂad
Brigeinai fitxpsisat the end of treat meMt while the ALT f&¥1
Unpentilledrdigbatesmelides el evated. M¥br of th&3ive -
gﬁgfﬁéH@§HM$Fﬁ4%ﬁ@ﬂ@mned virol ogi ¢ respons®l al so had
vigd!l Ipadrang ¢igthogis weeks off-treatnment. T&bl e 13. -
Higlavigal lpad AlbTidgingrfiBesisl i ne to EHY of Treatnent Acti-ve
Hiplaviedddoadbdiatietssetiridgirg Remai ned Normal 7 4-Remai ned/1
fibtosisat ed 10 16 Normal to El evated 3 2 [000121]
P@ikaris iMithbirvepnhidicaithid facidises wer ed/fi ssi ng fer one -
fatalent at week 24 and for one [Fét4 ent at OMeeks 12,0/3
16, 20 and 24. End of treatnent data for these
patients was anal yzed using the | ast data point
[0()0124,"‘:4?'9'r ere vfe at% sf%gisﬁ anf })ro?oco? %r\rnlaggns t?latv@ogl)d warrant an efficacy
subset analysis. An analysis of the subset of patients with low viral loads and no cirrhosis,

uncontrolled diabetes or hepatitis B virus co-infection is presented in Table 16.

Table 16. Virologic Responses by Treatment Group, Subset of Patients with Low Viral
Loads and No Cirrhosis, Uncontrolled Diabetes or Hepatitis B Co-infection
Active Placebo P*
Responders/Total (%6) 7/10 (70%) 0/15 (0%) 0.0002

* two-sided Fisher’s exact test

[000125] The Alinia® tablets administered 500 mg twice daily with food for 24 weeks
produced virologic responses (undetectable serum HCV RNA) in 7 of 23 patients (30.4%)
compared to zero of 25 patients (0%) from the placebo group (P=0.0039).

[000126] The virologic responses occurred between 4 and 20 weeks of treatment (3 at
week 4, 3 at week 8, 1 at week 20) and were maintained through the end of treatment with no
virological breakthroughs.

[000127] Virologic response was sustained in 5 of 23 patients in the Alinia® treatment
group at least 24 weeks after the end of treatment (P=0.0219). Each of the two patients that
relapsed following the end of treatment visit had advanced liver disease (bridging fibrosis).
One dropped out of the study after 8 weeks of treatment, and the other reported sporadic

noncompliance with taking the study medication.
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W@ twdgps19For purposes of this report, no adj ustPEnUS2007/000574
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[000122] Virologic response rates are presented by
treatnment group by study center in Table 14. The
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with bri u@g;ﬁgicgpg in Tabl e 15. Tabl e 15. Response Rates for the

tive Treatnent G oup bx Conpl i catigg Di sease-Rel at ed
[000130]:act ofhesa prsults indjcatptiab? quﬁwotéhp@r f(‘!@?ﬁ?h?@m’ isgffective in

achlevmé %%rglr%ﬁqggﬁﬂéfo%é\‘: ?éég&qg é?llpgglgx?]tg v}vil:;k%?hggilng ngyﬁt@t?sdc %/ellxot%)g 4 when

the patiegfschaive fow [virgl lpedbHandsno pilier complicdtingOfactors syspasicirrkosis,
o f LB Bl o1 (2L 1000 S
[000131D/ 1 -Safetimgdnsuies averé .aaipmd;dab phldants tncexj/gng]ghma- d@iipared to
patients £ecg1v1ng placebo tablets. The extent of exposure is summarized in Table 17. Three
patients (2 randomized to the Alinia® treatment group, 1 randomized to the placebo group)
dropped out of the study before returning for any follow-up visits. These patients did not
report taking any medication or experiencing any adverse events, and they were excluded

from the safety analyses.

Table 17. Extent of Exposure

Treatment/Exposure No. of Patients
Alinia 500 mg twice daily x 24 weeks 22
Alinia 500 mg twice daily x 12 weeks 1
Placebo twice daily x 24 weeks 24

[000132] Sixteen patients (11 from Alinia® group, 5 from placebo group) reported a
total of 33 adverse events. There were two serious adverse events. One patient in the
placebo group experienced severe hematemesis and a patient in the Alinia® treatment group
experienced moderate melena. Both events required hospitalization but resolved without
discontinuing treatment. The remaining adverse events were mild to moderate and transient
in nature, none requiring modification or discontinuation of treatment, Adverse events are
displayed by body system, standard term, severity and causality in Table 18 for the active
treatment group and in Table 19 for the placebo treatment group. The proportions of patients
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failures included in this analysis had advanced |iver
Table 19li Sdas& Bidris: Patidghs Bxpbsdd toR1scebo (N=24)

Adverse event Patients Severity and Relationship to Use of the Drug2
(Affected system)’ Reporting AEs Mild Moeoderate Severe
Number % |N U P PRINU P PRIN U P PR

Jaundice (DIG) 1 42 |- 1 - - - - - - - - - -
Hematemesis (DIG) 1 42 |- - - - - - - - 1 - - -
Vomit (DIG) 1 42 (- 1 - - - - - - - - - -
Asthenia (BODY) 2 83 |- 2 - - - - - - - - - -
Pain Abdo (BODY) 2 83 |- 2 - - - - - - - - - -
Headache (BODY) 1 42 - 1 - - - - - - - - - -
Fever (BODY) 1 42 (- - - - -1 - ~ - = - -
Urine Abnorm (UG) 1 42 |- 1 - - - - - - -~ - - -
Hemoptysis (RES) 1 42 - 1 - - - - - - -~ - - -
Diabetes Mell (MAN) 1 42 -~ 1 - - - - - - - e e

' DIG = Digestive; BODY = Body as a whole or Nonspecific system; UG = Urogenital; RES = respiratory;
MAN = Metabolic and Nutritional.

% Relationship to use of the drug: N= not related, U=unlikely related, P= possibly related, PR= probably related
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Two of the three Alinia®-treated failures included in this analysis had advanced liver disease
with bridging fibrosis.
[000138] These results indicate that 24 weeks of Alinia monotherapy is effective in
achieving a sustained virologic response in patients with chronic hepatitis C genotype 4 when '
the patients have low viral loads and no other complicating factors such as cirrhosis,
uncontrolled diabetes or hepatitis B co-infection.
[000139] No safety concerns were identified during the course of the study. Adverse
events reported for patients in the Alinja® treatment group were similar to those reported for
the placebo group. There were no significant changes in clinical laboratory values over the

24-week course of treatment for the Alinia® treatment group compared to the placebo group.
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[000142] Virologic responses are summarized by treatment group in Table 21. The
response rate for the pre-treated active group (5/8, 63%) was higher than that of the pre-
treated placebo group (P=0.15734), non-pretreated active group (P=0.08824), the non-
pretreated placebo group (P=0.31859), the two placebo groups combined (P=0.16888) and

the three other groups combined (P=0.09102).



Race: Caucasian 8 8 10 10 1.0 Gender: WMl e/ Female 8/0
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(64-94) Body Mass Index Mean SD 26.0 2.3 28.3 4.5 26.1
3.4 26.8 3.8 .54 Median %@ange) 26.3 (21-29) 29.0
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three paﬁ@lrﬁ‘s Wlﬁiﬁ&bhﬁﬂlléﬂ diaB&eofilitns.udy nedication (Alinia or
cebo). Wth the exception of one patient who

[000144ﬁr opféiaen the tslationships Qbservrst betyeemuirelogis reprauise gnd fasted blood
glucose, ARCLARACPARN Wi R pEadd 70 a subset of patients which excluded patients

with uncontrolled diabetes mellitus. The results of this analysis are presented in Table 5. In
this subset of non-diabetic patients, the response rate for the pre-treated active group (5/5,
100%) was higher than that of the pre-treated placebo group (P=0.02652), non-pretreated
active group (P=0.01049), the non-pretreated placebo group (P=0.06294), the two placebo
groups combined (P=0.02270) and the three other groups combined (P=0.00903).
Demographic and disease-related characteristics of the subset of non-diabetic patients
analyzed in Table 22 were compared by treatment group, and there were no significant

differences between groups.

Table 22, Virologic Responses by Treatment Group, Excluding Patients with Uncontrolled
Diabetes Mellitus

Pre-Treated Not Pre-Treated
Active Placebo Active Placebo
Responders/Total (%) 5/5 (100%) 2/7 (29%) 2/9 (22%)  4/9 (44%)
P=0.01, chi-square test

[000145] Each of the virologic responders in the pre-treated Alinia® + pegIFN group
had complicating disease-related factors that might ordinarily reduce the probability of
treatment success with peglFN-ribavirin. Response rates for subse;cs of patients with high
viral loads, advanced liver disease, and uncontrolled diabetes are presented by treatment

group in Table 23.



return for evaluation at week 12 and was treated as a

nonr esponder, each of the patients reported that they
whaw7logwm conpl i ant with taking the nmedi cati onPCTNMURBOTH00574

the patients returned unused nedi cation. [000142]

Virol ogi c responses are sunmarized by treatnment group

in Table 2 1. The response rate for the pre-treated

active group (5/8, 63% was higher than that of the

pretreated placebo group,P=0 15734), non-pretreated

active group (P=0.08824), the nonpretreated pl acebo

group (P=0.31859), the two pl acebo groups conbi ned

Table 23 .1- g ; & Rites) ﬁ(i)ah@ { @o h@én Egésecﬁélg{eﬁ%ctors

L\
U

Group Pre- treat ed Not Pre trle'%tf .'“-ﬂ@ [reated
Actlve Pl acebo Responder s/] M@. (§ Mﬂ lacebo

gﬁb P "" (00 1 éanegr essi o%nanal yse(s i denr ed | Jder

sl B}"Sblsﬁf“%?cose as a significant independent
hesi%y of  virol ogic respdfise (P=CO Q) for the
eﬁﬂdrgénﬁoé Bigsisti on of patientd studi (n=36). The ~
HBVaeo-dmfeRtion pet ween fast ed 16 ood glucose and -
Upeeonteglied didbgiehse was most 94 gni ficant (/"=0.001 1)
TW“%‘HEE viat oad (H¥ Lact i ve group wheVd ther &@lere three
andibridgieg fibiosisl ed @labet es el i tus. [000124]
waérplltrheSlBel ati onshi ps observed between virol ogi c0/1
_Nespofighe ahayef asted bl ood glucose, e effiléacy 4/8
anal ysis was repeated for a subset of patients which

| uded patients with uncontrol|ed diabetes nel]itus.
[000146rrhe rexeiles dep inenm Y {NAard! prtisatnvith aizl ogspp insserum

HCV RNALl trre %?émﬁénmrb fectadid iR ICVIRNAS SPRRSults are,
or t re-treated active group (5/5, 100% was
thereforehrdgfhmmq amnresmd of Tatles D, @2t archi2dd pl acebo group
[000147 P O&% %%; %r} gg{jf Bﬁ}%gegr%qo%ée'kvl? QEQ%MZ@ b%QrAe%{ment group
1nTableaI4acebo groups conbi ned (P=0.02270) and the three
ot her groups combined (P=0.00903). Denographic and

Table24g, ease reI itleb;rfha acted‘rlst I,,ES of Eﬂensggset of

n
III

W’r"ﬁ’la@@"?‘% Responses l§yT
BemaingElgveteduncont f’fol | ed

Remained Normal 1 1 1
Normal to Elevated - - - 1
Note: 3 patients not evaluable due to missing ALT data at cither baseline or end of treatment.

{000148] Virologic responses by treatment group are presented for each of two study
centers in Table 25. The same data is presented for the subset of patients without
uncontrolled diabetes in Table 26. In the overall analysis, there was no significant difference
between the response rates observed for the two study centers. In the subset analysis, the
response rates were significantly different because the second study center had two patients
that responded on placebo + pegIFN. These two patients were 27 and 30 year-old males with
low viral loads and no complicating disease-related conditions. The patient enrolled in the
non-pretreated active group with genotype 2 was a nonresponder. There were no other

significant protocol deviations.



Di abetes Mellitus Pre-Treated Not Pre-Treated Active
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[ 000145] Each of the virologic responders in the

pre-treated Alinia (r) + peglFN group had conplicating

di sease-related factors that mght ordinarily reduce

the probability of treatnent success with

pegl FN-ri bavirin. Respon E_rates for subsets of

patients with high viral Toads, advanced liver

di sease, and uncontrol | ed di abetes are presented by
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bav 1/5 1/ 8 6 in s
Table Zm rbsgﬁ% S Depmgn e Slpty
Uncontr SAANSE troat ment _al-so had undetectable —
serum HCV RNA. The results Noe Respendsrsikotal e sane as
presented in Tabl es 21Fresre 23. [0 e- s
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t Fiessttsidtcegitesup i n TabBe 24. 0/4 2/9 4/9
Second study center 2/2 2/3 - To-

=0.0465, Cpchran~Mantel—Haensze1 test

[000149] Administration of 24 weeks of Alinia® followed by 12 weeks of Alinia plus
peglFN alfa-2b produced higher virologic response rates (5/8, 63%) than either pegIFN alfa-
2b plus placebo for 12 weeks (6/18, 33%) or Alinia® plus pegIFN alfa-2b for 12 weeks
without pre-treatment (2/10, 20%). .

[000150] When patients with uncontrolled diabetes mellitus were excluded, the response
rate for the pre-treated active group (5/5, 100%) was higher than that of the pre-treated
placebo group (2/7, 29%, P=0. 02652), non-pretreated active group (2/9, 22%, P=0.01049),
the non-pretreated placebo group (4/9, 44%, P=0.06294), the two placebo groups combined
(6/16, 38%, P=0.02270) and the three other groups combined (8/25, 32%, P=0.00903).
[000151] Each of the 5 virologic responders in the pre-treated active treatment group
had disease-related complications that might typically reduce the probablility of success with
pegIFN-ribavirin therapy: 2 with viral load >800,000 IU/mL, 2 with advanced liver disease (1
cirrhosis, 1 bridging fibrosis) and 1 with hepatitis B virus co-infection.

[000152]) These results indicate that pré-treatment of patients with Alinia® before adding
peglIFN potentiates the effect of pegIFN, producing response rates that are significantly
higher than those for pegIFN alone or Alinia plus pegIFN without a pre-treatment period.
[000153) Drug safety measures were examined for patients treated with Alinia® plus
pegIFN and for those receiving placebo plus pegIFN. The extent of exposure is summarized
in Table 27.



Tabl e 24. Changes in ALT by Treatnent G oup
Pre-Treated Not Pre-Treated Active Placebo Active
w@@cok7Nor mal i zed 3 1 2 2 Rerai ned El evat ed BCBUS2047/000574
Remained Normal 1 1 1 1 Norrmal to Elevated - - - 1
Note: 3 patients not eval uable due to mssing ALT data
at either baseline or end of treatnent. [000148]
Virol ogi c responses by treatnent group are presented
for each of two study ceg;ers in Tabl e 25. The sane
data is presented for thé’subset of patients without
uncontrol |l ed diabetes in Table 26. In the overal
anal ysis, there was no significant difference between
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Onepeginierierpn injeation (1aPRIdM®) The patient enrolied in 1

the non-pretreated active group with genotype 2 was a
nonr esponder. There were no other significant protoco

evi gl T, | ' S
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group. Tht pepoatidstdf\patibhts Gefurting each adverse event were compared by treatment

group. There were no significant differences in the frequency or nature of adverse events

reported by the two treatment groups. No deaths, serious AEs, or other significant AEs were

reported. No laboratory adverse events were reported during the study.

Table 28. Adverse Events: Patients Exposed to Alinia (N=18)

Adverse event Patients Severity and Relationship to Use of the Drug”

(Affected system)l Reporting AEs Mild Moderate Sevére
Number | % |N|[U[P| PR [N[U[P][ PR [NJU[P] PR

Depression (NER) 1 56 [- 1 - - - - - - - - - -

NER = Nervous system
2 Relationship to use of the drug: N= not related, U=unlikely related, P= possibly related, PR= probably related

Table 29. Adverse Events: Patients Exposed to Placebo (N=17)

Adverse event Patients Severity and Relationship to Use of the Drug”
(Affected Reporting AEs Mild Moderate Severe
system)' Number | % |N|UJP]JPR|IN]JUIP] PR [N[U[P]| PR
Petechia (HAL) 1 58 |- 1 - - - - - - - - - -
Depression 1 58 |- 1 - - - - - - - - - -
(NER)

Photosensitivity 1 58 |- 1 - - - - - - - - - -
(BODY)

HAL = Heme and Lymphatic System. NER = Nervous system. BODY = Body as a whole or Nonspecific
system

?Relationship to use of the drug: N= not related, U=unlikely related, P= possibly related, PR= probably related



First study center 3/3 0/4 2/9 4/9 Second study center
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[000158] V1tal signs, physical ﬁndmgs and other observatlons related to safety

provided no significant findings.

[000159] The administration of Alinia tablets administered 500 mg twice daily with
food along with weekly injections of pegylated interferon alfa-2b for 12 weeks in patients
with chronic hepatitis C was safe and well tolerated.

[000160] Reductions of platelet counts and neutrophil counts typically associated with
administration of pegIFN were significantly smaller in patients treated with Alinia (P=0.0044
and 0.0101, respectively).

[000161] Administration of 24 weeks of Alinia followed by 12 weeks of Alinia plus
peglFN alfa-2b produced higher virologic response rates (5/8, 63%) than either pegIFN alfa-
2b plus placebo for 12 weeks (6/18, 33%) or Alinia plus pegIFN alfa-2b for 12 weeks without
pre-treatment (2/10, 20%).

[000162] When patients with uncontrolled diabetes mellitus were excluded, the response
rate for the pre-treated active group (5/5, 100%) was higher than that of the pre-treated



pl acebo treatnent group and one for a patient in the

active treatnent group. There were no serious adverse
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nodi fication or discontinuation of treatnment. Adverse

events are di splayed by body system standard term

severity and causality in Table 28 for the active

treatment group and in Table 29 for the placebo

treatnent group. The proggrtlons of patients reporting

each adverse event were conpared by treatnent group.

There were no significant differences in the frequency
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P=CA A for neutrophils). [000157] Anal yses were
conducted to evaluate the effect of virol ogic response
or pretreatnent



with Alinia on the change in platelet counts or
neutrophil counts over tine. The differences were not
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chronic hepatitis C was safe and well tol erated.
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compoundyghEEnteEdan o SiePabiention e seepd of hateenagonkl el nd about 48
weeks. counts typically associated with adm nistration of
pegl FN were significantly smaller inpatients treated
with Alinia (P=0.0044 and 0.0101, respectively).
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period of between about 3 days and about 2 years.

7. The method of claim 1, further comprising administering one or more additional

active agents to the patient.

8. The method of claim 7, wherein the one or more additional active agents comprises

an interferon.

9. The method of claim 8, wherein the interferon is administered to the patient

separately from the compound.



pegl FN potentiates the effect of peglFN, producing

response rates significantly higher than those for
wQ@e@®dioad one or Alinia plus pegl FN wit hout a PCT/US2007/000574

pre-treatnent period. Concom tant adm nistration of

Alinia may furthernore reduce the hematologic toxicity

of pegl FN.CLAIMS: 1. A nethod of treating a patient

suffering fromhepatitis C conprising adm nistering to

the patient a therapeut[g Iy effective amount of a

conmpound sel ected from nitazoxani de, tizoxanide,

derivatives of nitazoxani de, and derivatives of

ti zoxani de, or mxtures thereof. 2. The nethod of

claim1, wherein the conpound is adm nistered in the
100 métlmdmfrcpaom 8.ivolreréinrthd interfermp s giterderan a-2a, interferon a-2b,

or.a potyBRIeRE 2 aph BPar i R £28 0 Bispmon By ™ Sbr e

of conpounds sel ect ed fron1n|tazoxan|de ti zoxani de,

erivative f nitazoxani derivat.iv .
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pemodopéamwv&deﬁnofauéﬁmwaa&prI ses one or nore additional
bi ol ogically active agents. 5. The nethod of claim 1,
conprising adm nistering the conpound to the patient

1b0THR nQ&ﬁb@ df Qlfalﬂl'lqe“lﬁ@feﬂ@% iffePidtondisdAuSnRRFe®RAHE ptient for
weeks, followed by adm nistering the conpound and an

a period iofialequt d ek 1@ abrut 32 werksf or a period of between
about 1 week and about 48 weeks. 6. The net hod of

claim1, conprising adninistering the conpound to the
lﬁaﬁhemeﬂtqdrofaplpm Bowhereingibe irterferands pd@inistpredandhepafiant

bmmwen%aﬁﬁﬁiégwgem}ﬂﬁe&?thOd of claimi, further conprising

ng one or nore additional active agents to
the patient. 8. The nethod of cI a| m7 vvherei n the one

LFED%%F@HF éfllgl'rﬁlﬁg W@%rlﬁ% th, vﬁi@? erortl hs initiated after

treating t}{ét;ﬁhéﬁlf With ilfe auinpdingl for e@rédetehhﬁnqnb;termmﬁmﬁar ately
fromthe conpound. 10. The nethod of claim8, wherein
the interferon is interferon a-2a, interferon a-2b, or

152 TRE et b 8ing h ¥ CRherdRY th @&édéeerﬂﬁné @idesOin@ isdetween
or interferon a-2b. 11. The net hod of aim8, wherein

about 3 days and@bpres BIPHhS. adni ni stered to the patl ent for a
period of about 1 week to about 48 weeks.

16. The method of claim 15, wherein the predetermined period of time is between

about 1 week and about 4 weeks.

17. The method of claim 1, wherein the compound is administered to the patient one

to three times each day during a predetermined period of treatment.

18. The method of claim 7, wherein the one or more additional active agents

comprises an anti-diabetes agent.

19. The method of claim 18, wherein the anti-diabetes agent is administered

separately from the compound.



12. The method of claim 11, wherein the interferonis
adm nistered to the patient for a period of about 1
woe@k/os7about 4-12 weeks. 13. The net hod of cbel/msBN7/000574
wherein the interferon is admnistered to the patient
between 1 and 3 tines each week. 14. The nethod of
claim8, wherein adm nistration of the interferon is
initiated after treating the patient with the conpound
for a predeternined perigg of time. 15. The nmethod of
claim 14, wherein the predeterm ned period of tine is
bet ween about 3 days and about 6 nonths. 16. The

15 . . .
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) addi tional active agents conprises an anti-di abetes
diabetes agehht  19. The nethod of claim 18, wherein the
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first compRHER FOF B0 A PEPRESE N ITEPERETEPERRY of Py PR g gelccted from
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a therapeufibal®f &fféctivianitiee 6F 8 s8domadopfiosRidn@onipri¥ng an active agent.
adm nistering to the patient a therapeutically

ef fective anount of a second conposition conprising an
28CThd ReBANYf claim 24, wherein the predetermined period of time is between

about 3 days and about 3 months.

26. The method of claim 25, wherein the predetermined period of time is between

about 1 week and about 4 weeks.

27. The method of claim 24, wherein the active agent is an interferon selected from
interferon a-2a, interferon a-2b, and a polyethylene glycol derivative of interferon o-2a or

interferon a-2b.

28. The method of claim 27, wherein the second composition further comprises a
compound selected from nitazoxanide, tizoxanide, derivatives of nitazoxanide, and

derivatives of tizoxanide, or mixtures thereof.



25. The nethod of claim 24, wherein the predeterm ned
period of tinme is between about 3 days and about 3
woriosl97£6. The net hod of cl aim 25, wherein tPET/US2007/000574
predeterm ned period of tinme is between about 1 week
and about 4 weeks. 27. The nethod of claim 24, wherein
the active agent is an interferon selected from
interferon a-2a, interferon a-2b, and a pol yet hyl ene
glycol derivative of integferon a-2a or interferon
a-2b. 28. The nmethod of claim 27, wherein the second
conmposi tion further conprises a conpound sel ected from
[ [ v
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admimsteﬂimgetbftbd pétient trtherepegicallp affcetme aubirgof adirkt eympdung|having the
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conpared with the reactivjty of the anal ogous conpound

analogous LOMRQUAY Bavige AvdroesneRsthe Rbpr B3 31, The met hod of
claim29, wherein R and R2 are independently sel ected
from substituted cyclic groups, unsubstituted cyclic

34r dssnetborbof ¢laim b, whewstbRY @nf R2gre iprigpendantly selected from
substitut%wﬁt rBH}‘%se %ngfu ?dlﬁ 0%519[550§ sWﬂﬁE@h&eFd ty@%& gz%uﬁs, and

tional Ty aromatic
unsubstitutdizderoty dicogrmp whein eithet Ré, R2.rastbooRpand R2 e joptionally
the formof a conposition, and wherein the conposition

% urt her conprises a pharnaceutlcally accept abl e

carrier. 33. The nmethod of claim 32, wherein the
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compos1ﬂ8ﬂ hdpoheteinhie eoBpasii 6 furtiesriceaiprides @f)harﬁ{aeélﬁt&faﬂp acceptable
a-2a or interferon a-2b. 34. The nmethod of claim 29,

carrier. wherein the first conpound is administered to the
pati ent

aromatic

33. The method of claim 32, wherein the composition further comprises an additional
active agent selected from interferon a-2a, interferon a-2b, and a polyethylene glycol

derivative of interferon a-2a or interferon a-2b.

34. The method of claim 29, wherein the first compound is administered to the patient

for a period of between about one week and about two years.

35. The method of claim 29, further comprising administering an interferon to the

patient for a period between about one week and about forty-eight weeks.

36. The method of claim 35, wherein the period of treatment with the interferon is

initiated 12 weeks after treatment with the compound is initiated.



for a period of between about one week and about two
years. 35. The nethod of claim 29, further conprising
wa@eaoo7is®reri ng an interferon to the patient foPCHUS2007/000574
peri od between about one week and about forty-eight
weeks. 36. The nethod of claim 35, wherein the period
of treatnment with the interferon is initiated 12 weeks
after treatnment with the conpound is initiated.37. The
met hod of cl aim 29, Mhe[§%0 the viral hepatitis being
treated is hepatitis C In a nethod for treating a
patient suffering fromhepatitis Cwith a
37, h%ﬁ@ﬁx%%écf@f d¥in§ f2§ Ghdrif g% B hdatifl bbﬁ%@fefa?é'dqg hegzt’cﬁls C.
nprises adm nistering to pat | ent
therapeutlcally effective anDunt of nitazoxani de,
i-=zoxan
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therapeuGTD B tFo11vE g HPIHERBHLE o EHEE SRS st
' admi ni stration of nitazoxanide, tizoxanide, or

m xtures thereof._40. The method of_.cl aim 38,
39 ntheymstied ofrclaim 38, fvg}eé nrtlgeﬁtppgrat q dntg ffg)vrgqglreg to achleve a

sustamecﬁx‘é§;t§(ﬁis@ 8l thee ?zﬁ%‘é_ﬁs r’e&‘uJeHQ:oﬁﬁJak&l’lb thé amRUHCAUNERRH fduired to
he anoun interferon required to achjeve a

achieve asSpStARITLIPSPRASIA e PatiophwIthaw adminigfation PERLEANCE: o
tnzoxamcféoﬂ'ﬁ Qn Qlfeofl bavirin and the interferon. 4 1. The
mét og o% P

aim 38, wherein the nethod provides the
patient with an increased chance of having reduced
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sustained relspanseiin thepatidng i netheceklaroomparebto ﬂ‘lh @mmh@ﬁmtﬂrfecma fgquired to
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the interfef@at nent as conpared W|th a method for treating
hepatitis Cwith a conbination of ribavirin and the
interferon. 43. The nethod of claim 38, wherein the
4TetTHRMnEthed WE ChirhS38e ivhsidle i hewba pwudeama ipatlentivilth an

i met hod for treati a a conbi nati on .
increased] FRARFF/f Po RS EHRCSRTEBI Bk KIS 20k: Hsﬁﬁm o gared with o
method foR MR SE ABpat{tR)C Nith HEorMBInELGPHPAbRGSN S8l 8¢ iatkrerom

ni tazoxani de, tizoxani de, derivatives of nitazoxanide,

and derivatives of tizoxanide; (b) an interferon; and

4§ZC TR medbd-HcBhet BE vaAgRiHh tHomethde Qﬁﬁgssihte éﬁﬂe&fmth a similar
[aim44, wherein the interferonis seI ected from
chance qf ﬁla@m{gg‘ﬁ@ncqgl. serum HCV RNA after treatment as compared with a method for

treating hepatitis C with a combination of ribavirin and the interferon.

43. The method of claim 38, wherein the méthod produces fewer side effects as
compared with a method for treating hepatitis C with a combination of ribavirin and the

interferon.

44. A composition comprising: (a) one or more compounds selected from
nitazoxanide, tizoxanide, derivatives of nitazoxanide, and derivatives of tizoxanide; (b) an

interferon; and (¢) an anti-diabetes agent.



a, interferon a-2b, and a pol yet hyl ene gl ycol
derivative of interferon a-2a or interferon a-2b
WO 2007/081974 PCT/US2007/000574

-55.

45. The composition of claim 44, wherein the interferon is selected from interferon a-

2a, interferon a-2b, and a polyethylene glycol derivative of interferon a-2a or interferon a-2b.



