Bl OVARKERS FOR HCV TREATMENT RESPONSE The present invention relates to

nmet hods that useful for predicting the response of hepatitis C virus

i nf ect ed watzomntsssobo phar macol ogi cal treatnent. Hepatit PETEPRIMWOESEHCY) 1S
a maj or health problemand the | eading cause of chronic |iver disease

t hroughout the world. (Boyer, N et al-1-J. Hepatol. 2000 32:98-1 12).
Patients infected with HCV are at risk of developing cirrhosis of the liver
and subsequent hepatocel | ular carci noma and, hence, HCV is the major
indication for liver transplantation. According to the Wrld Health

Organi zation, there are nore than 200 mllion infected individuals
worl dwi de, with at least 3 to 4 mllion people being infected each year.
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or cancer. The viral disease is transmitted parenterally by contarmnated blood and blood
products, contaminated needles, or sexually and vertically from infected mothers or carrier
mothers to their offspring. Current treatments for HCV infection, which are restricted to
15 immunotherapy with recombinant interferon-o. alone or in combination with the nucleoside
analog ribavirin, are of limited clinical benefit as resistance develops rapidly. There is an urgent

need for improved therapeutic agents that effectively combat chronic HCV infection

HCYV has been classified as a member of the virus family Flaviviridae that includes the

20 genera flaviviruses, pestiviruses, and hepaciviruses which includes hepatitis C viruses (Rice, C.
M., Flaviviridae: The viruses and their replication, in: Fields Virology, Editors: Fields, B. N.,
Knipe, D. M., and Howley, P. M., Lippincott-Raven Publishers, Philadelphia, Pa., Chapter 30,
931-959, 1996). HCV is an enveloped virus containing a positive-sense single-stranded RNA
genome of approximately 9.4 kb. The viral genome consists of a 5'-untranslated region (UTR), a

25 long open reading frame (ORF) encoding a polyprotein precursor of-approximately 3011 amino
acids, and a short 3' UTR. The 5' UTR is the most highly conserved part of the HCV genome and

is important for the initiation and control of polyprotein translation.



in their DNA sequence. Each genotype contains a series of nore closely

rel ated subtypes which show a 20-25 % di vergence in nucl eoti de seguences

( Si mmondswoR010268809J. Gen. Virol. 85:3173- 88). Mre thanTdP2ebb6spESs have
been di stinguished. In the US approxi mately 70% of infected individuals
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coding region to the carboxy-term nus of the ORF, consist of p7, NS2, NS3,
NS4H)  NS4B, TSZAnctimergngsgionTd nedyseisireprasessingpé¢hd nonstrsegrak peptein portion

nepact i e ah e 1R R AANESR AOFRAIRGADR L 8L SHRL ARLEL 8L, AnBRRChRS

proteln fuhctions. el ns of viruses in groups

possessiramssass a sﬁlgttueﬂg@c()mmndoﬁm:grmr rahe tvéral sroteinsafecegaiyntor pired ephasies. and
of helicases gGorbaI enya et al . Nature 1988 333:22; Bazan and Fl etter| ck
Vi r ol odyicsopmterns as3pEaed a0t palyeinjiein dhatds congrd po-tiagslatigmadly progegsed

17.388 %ot?lﬁgdﬂllaﬁ Shavi § ls%fcodlst:? ? &Eﬁ%e? kP &i%lcfﬁe %afc@%m'ay Pfo‘ﬂéiﬁss J%%N,Eal proteins

hepaC| Vi ruses nave t e not aracteristic recte
pol irerespessiblkdonithe, replicationarfdhOoirhhgedmeVRNG bite. lo&evd whihoc hgnoxiviatedy the

R SRR SO GY T N U IR A
di r ect It ARRLQIHIShephBvRRR $A$ERure A8 stNRBuEEN NGBl SR8 et order from
the amino-terminus of the nonstructural protein coding region to the carboxy-terminus of the
OREF, consist of p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B.
20
The NS proteins of pestiviruses and hepaciviruses share sequence domains that are
characteristic of specific protein functions. For example, the NS3 proteins of viruses in both
groups possess amino acid sequence motifs characteristic of serine proteinases and of helicases
(Gorbalenya et al. Nature 1988 333:22; Bazan and Fletterick Virology 1989 171:637-639;
25 Gorbalenya et al. Nucleic Acid Res. 1989 17.3889-3897). Similarly, the NS5B proteins of
pestiviruses and hepaciviruses have the motifs characteristic of RNA-directed RNA polymerases

(Koonin, E. V. and Dolja, V. V. Crit. Rev. Biochem. Molec. Biol. 1993 28:375-430).

The actual roles and functions of the NS proteins of pestiviruses and hepaciviruses in the

30 lifecycle of the viruses are directly analogous. In both cases, the NS3 serine proteinase is
responsible for all proteolytic processing of polyprotein precursors downstream of its position in

the ORF (Wiskerchen and Collett Virology 1991 184:341-350; Bartenschlager et al. J. Virol.
1993 67:3835-3844; Eckart et al. Biochem. Biophys. Res. Comm. 1993 192:399-406; Grakoui et



responsi ble for all proteolytic processing of polyprotein precursors
downstream of its position in the ORF (Wskerchen and Collett Virol ogy 1991
184: 341- A®020Bzwh8®Aschl ager et al. J . Virol. 1993 67: 38854AP3end/06dB6kart et
al . Biochem Biophys. Res. Comm 1993 192: 399-406; Grakoui etal. J. Virol.
1993 67:2832-2843; Grakoui et al. Proc:3-Natl. Acad. Sci. USA 1993 90: 10583-
10587; Ilijikata et al. J. Virol. 1993 67: 4665-4675; Tone et al. J. Virol.
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Virol. 1997 71:8416-8428; Yuan et al. Biochem Biophys. Res. Comm 1997
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pol ymer ase have been reviewed: R G Gsh, Sem Liver. Ds., 1999 19:5; Di

BestkglBiechem. BiaphunReRdewrn. BITR32:284i23At HagadomnBGIc WS 916 BeLhonpeaal. J.
80-85; ;& L - é Current and Future Therapy for Chronic Hepatitis C
Vi rus LVi%Oel'r %s7eza%§i§?%r 6?)r'. Drug Targ. Infect Dis. 2003 3(3):247-253; P.

Hof fmann et al., Recent patents on experinmental therapy for hepatitis C
virus infection (1999- 20032%, _Exp. Opin. Ther, Patents 2003 13( 1%
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Targ. Infect Dis. 2003 3(3):247-253; P. Hoffmann et al., Recent patents on experimental therapy
for hepatitis C virus infection (1999-2002), Exp. Opin. Ther. Patents 2003 13(11):1707-1723; F.
20 F. Poordad et al. Developments in Hepatitis C therapy during 2000-2002, Exp. Opin. Emerging
Drugs 2003 8(1):9-25; M. P. Walker et al., Promising Candidates for the treatment of chronic
hepatitis C, Exp. Opin. Investig. Drugs 2003 12(8):1269-1280; S.-L. Tan et al., Hepatitis C
Therapeutics: Current Status and Emerging Strategies, Nature Rev. Drug Discov. 2002 1:867-
881; R. De Francesco et al. Approaching a new era for hepatitis C virus therapy: inhibitors of the
25 NS3-4A serine protease and the NS5B RNA-dependent RNA polymerase, Antiviral Res. 2003
58:1-16; Q. M. Wang et al. Hepatitis C virus encoded proteins: targets for antiviral therapy,
Drugs of the Future 2000 25(9):933-8-944; J. A. Wu and Z. Hong, Targeting NS5B-Dependent
RNA Polymerase for Anti-HCV Chemotherapy Cur. Drug Targ.-Inf. Dis .2003 3:207-219. The

reviews cite compounds presently in various stages of the development process are hereby

30 incorporated by reference in their entirety.



58:1-16; Q M Wang et al. Hepatitis C virus encoded proteins: targets for
antiviral therapy, Drugs of the Future 2000 25(9):933-8-944; J . A W and
Z. Hong, weanrgaicss9o NS5B- Dependent RNA Pol yner ase for AnPCTHEWCes6T her apy
Cur. Drug Targ.-Inf Dis .2003 3:207-219. The reviews cite conpounds
presently in various stages of the developnment process are hereby
incorporated by reference intheir entirety.la: R= QEONH 2 Ib: R =

=NH+) NH2 Rrb iLRN (Ia;
I-((2R R 4S 3 4- Di hydr oxy- 5- hydr oxynet hyl -t et rahydr o- f ur an- 2-
yl)-1 H-F N’azole 3-carboxylic acid amde; Virazole(r)) is a
synt heti c, o -interferoninducing, broad spectrumantiviral nucleoside
anal og. Ri 2rin has in vitro activity against several DNA and RNA viruses
i ncl udi ngH®l av®¥iridae (Gary L. Davis, Gastroenterol ogy 2000 118: S104-S1
14) . In nonot herapy ribavirin reduces serumanm no transferase levels to
nor mal 1afR 408600fHpati ents, but it does not |ower serum|levels of HCV- RNA.
Ri bavi rnbnr alcsovreyH,bi ts significant toxicity and is known to induce anem a.
Ribavirin is an inhibitor of inosine nonophosphate dehydrogenase. Ribavirin
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are gl ycoprotei n;@{)r oduced by imune cells 1n response to viral infection.

Two Xi sevamelt DNgpagl BNA mireses emmdlag dlodgodas teery yIBeVls, Gasttoguiesylagv d0H)
| nterf Gg BhRNAS, ORI CIbRIAN PclVBRR b, HARSAUBTACL O i Ty P
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cel I's faoemodeanientg buifiedbeohot loﬁ}\ds skt Ddvielsvo T BICV-BDNA.C aRibeviriafalgmasyhibits
Vi ruses, |ncI udi ng HCV, and when used as the sole treatnment for hepatitis C
i nf ect isgmilicapN (@tipht 88des lomimHOURRRNCEI N dR e Bblsean dyiibdor of inosine
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normal serum al anine transferase levels. (L. -B. Davis, supra)
Viramidine 1b 1s a prodrug converted to 1a in hepatocytes.

Interferons (IFNs) have been available for the treatment of chronic hepatitis for nearly a

decade. IFNs are glycoproteins produced by immune cells in response to viral infection. Two

15 distinct types of interferon are recognized: Type 1 includes several interferon alphas and one
interferon f3, type 2 includes interferon y. Type 1 interferon is produced mainly by infected cells

and protects neighboring cells from de novo infection. IFNs inhibit viral replication of many
viruses, including HCV, and when used as the sole treatment for hepatitis C infection, IFN
suppresses serum HCV-RNA to undetectable levels. Additionally, IFN normalizes serum amino

20 transferase levels. Unfortunately, the effects of IFN are temporary. Cessation of therapy results
in a 70% relapse rate and only 10-15% exhibit a sustained virological response with normal

serum alanine transferase levels. (L.-B. Davis, supra)

One limitation of early IFN therapy was rapid clearance of the protein from the blood.

25 Chemical derivatization of IFN with polyethyleneglycol (PEG) has resulted in proteins with
substantially improved pharmacokinetic properties. Pegasys® is a conjugate interferon a-2a and

a 40 kD branched mono-methoxy PEG and Peg-Intron® is a conjugate of interferon a-2b and a

12 kD mono-methoxy PEG. (B. A. Luxon et al., Clin. Therap. 2002 24(9):13631383; A.



One limtation of early IFN therapy was rapid cl earance of the protein from
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resul t ed wo 2proateegons wi t h substantially inproved phar na®@oKiEP2M09066567
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nmono- net hoxy PEG and Peg-Intron(r) is €-conjugate of interferon a-2b and a
12 kD nono-nmet hoxy PEG (B. A. Luxon et al, din. Therap. 2002 24(9): 1363

1383; Adstoalsivedd J. amoHakris, MColao ! IReleade, 200NT72:001 7-2B%). ease, 2001 72:217-224).
Interferon a-2a and interferon a-2b are currently approved as nonot her apy
for the treat rrent of HCV. Roferon-A(r) (Roche) is the reconbinant form of
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in cI| caI nment. for the treafnment_ o CV. FEgr lLe, In en(r)
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Vi rage I nces, Rebif(r) (interferon b-1la)
by Ar esIb rlgﬁ(%ﬁ &%&g?%&eé‘#@pgﬁﬁ%ﬂ’%@ (f(ﬁ/egl cine, Oral Interferon Al pha by
Arrarl |1 o Biosciences, and interferon g, interferont, and interferon g-1b

by InterMine are in devel opnent. Conbi nation t herapy of HCV with ribavirin
and i nt er f ef@herafogis radnntey fOélpaesaén‘{velﬂ e tefstfiienl Bt hior Apynd Corise wimgntly in
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whi ch pose clinic chal | enges. Depression, synptonms and skin
react i &wna%e P@bsf% cliztederoni ﬁ ha)k b Ares:Seioue. Omega Iamfemggy ﬁlpMeémm Orpk
associ i ne eat.ment with ribavirin. of nt.i al
o1 eculliE RGPl Pyl BESHrBeHIe A T e Ondy ARLUNTESOREYS Bow
been Idﬁt@{;M{m@é}ellﬁgé%m ¢but not limted to, the NS2-NS3 autoprot ease,
the N3 protease, the hel i case and the NS5B pol ynerase. The RNA- dependent
RNAlJol ynerase is absolutely essential for replication of the

single-str artdo%lqa’ineﬁ{)o%i ‘Ehie}/a%ysoefn il%V BV'\{ﬁ\l %g\(?lgl% gl? ngttc]l#feron-a currently represent the
optimal therapy. Combining ribavirin and Peg (infra) results in a sustained virological response

(SVR) in 54-56% of patients. The SVR approaches 80% for type 2 and 3 HCV. (Walker, supra)
Unfortunately, the combination also produces side effects which pose clinical challenges.

20 Depression, flu-like symptoms and skin reactions are associated with subcutancous IFN-a and

hemolytic anemia is associated with sustained treatment with ribavirin.

A number of potential molecular targets for drug development as anti -HCV therapeutics

have now been identified including, but not limited to, the NS2-NS3 autoprotease, the N3

25 protease, the N3 helicase and the NS5B polymerase. The RNA-dependent RNA polymerase is
absolutely essential for replication of the single-stranded, positive sense, RNA genome and this

enzyme has elicited significant interest among medicinal chemists.

Nucleoside inhibitors of NS5B polymerase can act either as a non-natural substrate that
30 results in chain termination or as a competitive inhibitor which competes with nucleotide binding
to the polymerase. Certain NS5B polymerase nucleoside inhibitors have been disclosed in the

following publications, all of which are incorporated by reference in full herein.
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Nucl eosi de i nhibitors of NS5B pol ynerase can act either as a non-natural
substr at ewOhlato/mesal ts in chain term nation or as a conmpPETiEP2A08/066867 bi t or
whi ch conpetes with nucl eotide binding to the pol ynerase. Certain NS5B

pol ynmer ase nucl eosi de inhi bitors have #een disclosed in the follow ng
publications, all of which are incorporated by reference in full herein.B=
adeni ne, thym dine, uracil, cytidine, guanine and hyp nthine In WO A
90121 published Novenber 29, 2001, J.-P. Sonnadoss%rﬁ@gaP. Lacol | a di scl ose
and ex ' -

lify the_anti-HCV pol ynmerase activjiy of | kyl - and 2'-al kyl
nucl eo (prfdﬂﬁu as and’®: I 01/9 LO Bﬂgshed Decenber 6,
2001, J.-PX S ggados ﬁﬁ:P.Nka ol Ja discgﬁﬁg n ]ﬁggnplify treating

Fl avi vi rus Nd PestdvirUSes wi td4' - alky] - “al kyl nucl eosi des of
formul ae B2 an®B. 1HOWO @8/ 0268%% p@l i shedl ApPi | @ 2003, G Gosselin

di scl oses 4'-al kyl nucl eosides 4 for treatifig Fl avi viruses and

Pesti viruses®: In WO2002003000 publfshed January B, 2004, J.-P. Sommadossi
et a/.dﬁsgc[eﬁaﬁ@th-idq:}fa,olm%h,vc\%qm,réaglﬁn@f | 1-, T-, 3'- and 4'-substituted b-D
and b-L nugleasiges. | n 2004/ 002422 published January 8, 2004,
2'-C-nethyl -3 -0Ovaline ester ribofuransyl cytidine for the treatnent of
Flaviviridae infections. lIdenix has reported clinical trials for a related

conmpound NWPS8 i.ch is believe 0 be t i ester 5 of. the cytidine
el og 2 (B1e Wi 8T R PGl ouarebeogs Sb Ehedormiassi soR: Lycely
Somradglos€hndbxerff} 18G RSt BHESN ]%(ﬁ?ﬂl@lfas@'actﬁﬂity%f 1RAIRYL WE8 2041k H nucleosidss of OF
4' branched nucl eosides for the treatnent of "flavivirus infections

i ncludifegnubieyv2ianflett o8O0 Q1938620 publohed Decpubiri W1 bk Sommadussi dnd P,

Sonmedqssi.ek..al . disclose.2: - branched. nucl eosj des and Fl aviyiri das,
ot ot e s BURSEE G D TR A S «RE SRR A b T KL i 3o
di scl os@cleBiih@dst @frmiulRal iang hegatwio 93/0286TUsublshed) April MAWBED:. Gosselin
nucl eosj des. I n WX2005009418 published February 3, 2005, R Storer et al.
di scl ogléscinses helni epeleesidrs %ét@@ﬂ’@s’%@?’”t@%a’tl‘afré’ﬁ%”"WS@i seases caused by
Fl avi viridae including HCV. O her patent applications disclose the use of
certain nucl eoside analogs to treat hepatitis

10 In WO2004003000 published January &, 2004, J.-P. Sommadossi et al.disclose 2'- and 3'

prodrugs of 1'-, 2'-; 3'- and 4'-substituted B-D and B-L nucleosides. In WO 2004/002422
published January 8, 2004, 2'-C-methyl-3'-O-valine ester ribofuransyl cytidine for the treatment
of Flaviviridae infections. Idenix has reported clinical trials for a related compound NM283
which is believed to be the valine ester 5 of the cytidine analog 2 (B = cytosine). In WO
15 2004/002999 published Jan. 8, 2004, J.-P. Sommadossi et al. disclose a series of 2' or 3' prodrugs
of 1', 2', 3', or 4' branched nucleosides for the treatment of flavivirus infections including HCV

infections.

In W0O2004/046331 published June 3, 2004, J.-P. Sommadossi et al. disclose 2'-branched

20 nucleosides and Flaviviridae mutation. In WO03/026589 published April 3, 2003 G. Gosselin et
al. disclose methods of treating hepatitis C virus using 4'-modified nucleosides. In
WO02005009418 published February 3, 2005, R. Storer et al. disclose purine nucleoside

analogues for treatment of diseases caused by Flaviviridae including HCV.

25 Other patent applications disclose the use of certain nucleoside analogs to treat hepatitis
C virus infection. In WO 01/32153 published May 10, 2001, R. Storer discloses nucleosides
derivatives for treating viral diseases. In WO 01/60315 published August 23, 2001, H. Ismaili et



Cvirus infection. In W 01/ 32153 published May 10, 2001, R Storer

di scl oses nucl eosi des derivatives for treating viral diseases. In W

01/ 60315 wolbiogleesdo August 23, 2001, H Ismaili etal., diPrstiErs@9medshnods of
treatnment or prevention of Flavivirus infections wth nucl eoside conmpounds.
In WD 02/ 18404 published March 7, 2002;7-R. Devos et al. disclose

4' -substituted nucleotides for treating HCV virus. In W 01/79246 publi shed

Cct oberg/ 2 isch30 Imethod A of\/ﬁl&amaﬂne oflipsele@tién Tof- Fakivius hiifictsysetithy lhucleoside
nucl eosi de coppounds for the treatnment of viral diseases. In WO 02/32920

publ i siempaprdsi InsVO8 b8 Publshgd Moyche/, 2882.pkbPeshed @b fHisslopg 4-sigptituted

ai seaseuloftes PESGTRE, 168, 5B%,0 FTRIRERG B GBAETR M Khy

di scl oSEatanagber diedoef 2'c air bbdnyd:ﬂonxgzmauhgl eodbakdd esmpatndy efer thratreamenuséfvirhl f or

2003 B v ey vad 0 apded BubBhit rutt 5o bnthia RS | ARl Tt Tuke 36

RNA- depgpsien Stuféy of ¥ @iscRRL M{F@é&b%&e coﬂ%uﬁ&%?%t?éﬁ%n&it ¢ RICHsda st hi s
publication aré primarily 2'-nethyl-2"-hydroxy substituted nucl eosides. In

WO 2002/ 057425 publ jghed July 25 MHo2 S. S, Carroll et al. disclose

nucl eosi de der e’s whi ch i |tor of RNA-dependent viral polynerase
and net S of@éﬁq ng in ﬁ_& I n W02/ 057287 published July 25,
2002, S. et al. reI ated 2a-nethyl and 2b-net hyl ri bose
derivative ee| n the bas an opt| onal Iy substituted

TH pyrrol}ﬂj 3159] pyri m di 3/,28.| . The sane application discloses one
exa met hyl nuc e05| e. S.S. Carroll et al. (J. Biol. Chem 2003

278( 14): 11979-1 1984) disclose inhibition of HCV pol ynmerase by
2' - O net hyl éytl dine (6a). In %0 2004/009020 published January 29, 2004, D

B. dsen et | 0 er| a

i nhibitors o]fq %@b%pmeﬁ%ﬁwae?% o?@un@r()%? d@@?’ Ehkc 5|$eo%SSRfoe.s %)
99/ 436Q&rbb6y<ﬂmwcleumv dediitives et iatd evdful Tot uﬁrt@e’auﬁéreqﬁlwte‘s ﬁbﬁcﬁisoslﬁswme
use of certain 2'-f]luoronucl egsides to treat atent No. 6, 348, 587
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subst i taceptimarily 2'-methyl-2'-hydroxy substituted nucleosides. In WO 2002/057425 published July
25, 2002 S. S. Carroll et al. disclose nucleoside derivatives which inhibitor of RNA-dependent
viral polymerase and methods of treating HCV infection. In W002/057287 published July 25,

15 2002, S. S. Carroll et al. disclose related 2a-methyl and 2-methylribose derivatives wherein the
base is an optionally substituted 7H-pyrrolo[2,3-d]pyrimidine radical 6. The same application
discloses one example of a 3f-methyl nucleoside. S.S. Carroll et al. (J. Biol. Chem. 2003
278(14):11979-11984) disclose inhibition of HCV polymerase by 2'-O-methylcytidine (6a). In
WO 2004/009020 published January 29, 2004, D. B. Olsen et al. disclose a series of

20 thionucleoside derivatives as inhibitors of RNA dependent RNA viral polymerase.

PCT Publication No. WO 99/43691 to Emory University, entitled "2'-
Fluoronucleosides" discloses the use of certain 2'-fluoronucleosides to treat HCV. U.S.
Patent No. 6,348,587 to Emory University entitled "2'-fluoronucleosides" discloses a

25 family of 2'-fluoronucleosides useful for the treatment of hepatitis B, HCV, HIV and
abnormal cellular proliferation. Both configurations of the 2' fluoro substituent are

disclosed.



di sclosed. Eldrup et al. (Oral Session V, Hepatitis C Virus, Flaviviridae;
16th International Conference on Antiviral Research (Apr. 27, 2003,
Savannah,w@anjojocosescri bed the structure activity rel ati @eashirpooofeceds? nodi f ed
nucl eosi des for inhibition of HCV. Bhat et al. (Oral Session V, Hepatitis C
Virus, Flaviviridae; 16th Internationat8-Conference on Antiviral Research
(Apr. 27, 2003, Savannah, Ga.); p A75) describe the synthesis and

phar ma@dupeti @/ p(Ofaerdessisn oV, m&phﬁ%i(de\/@malmweﬁudas p6' sinbdreationdi bi t or s
of HCV RNA replication. The authors report that 2'-nodified nucl eosides
denonstGoafacisst emAth%. Beﬁeyrcacffmn t%7p i #008e15avireld Gl feseribuk dbyys. A sen
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Conf erence on VI ral searc avanna G.) p A76) al so
descri bed the effects of the 2'- m)dl fed nucl eosi des on HCV RNA replication.
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(0 Bkt actﬁit%@belﬁbas@h re @QQQQSSZ?JZ D. Chai et al.
0 52313, D.Chai et al. W02/098424, J K. Pratt et aI WO 2004/ 041818
K. Pratt et al. WD 2004/087577 Al'), thiophenes, 8, (C K

Chan et al. éy\%?z%/ilﬁogéﬁl séssthn gpzﬁteﬁégﬁh%n%;ml(s[) Fl W‘F{%g%g 1@&]4 6%%?1%

Bailey WO O ket opyr Uvartes Altanura e

A At t Jrosf@Eceic @l AnViﬁrﬂOR%ErZﬁ)(AppyN b3 n8svanbah, @4 1@l AT6)etls@ldescViBed the
02/ 06246 Al ), pyrimdinediones (T. R Bailey and D. C. Young WO 00/13708);
triazi rdscts R the 2-aodfipdaruclepsid W@EW?%@ﬂeml‘)amphodam ne derivatives (T.
R Bailey and D. C. Young WO00/ 10573, J . C. Jean et al WO 01/77091 A2);

ﬂaggog%’rsgpérjf Ei-éls o5 _Olf%;](’gﬁ%%hj%igg% gﬁﬁB %gl)t&*s‘ S A R A N
incorporated by reference in full herein, including: benzimidazoles, (H. Hashimoto et al. WO
01/47833, H. Hashimoto ef al. WO 03/000254, P. L. Beaulicu et al. WO 03/020240 A2; P. L.
Beaulieu et al. US 6,448,281 B1; P. L. Beaulicu et al. WO 03/007945 Al); indoles, (P. L.
Beaulieu ef al. WO 03/0010141 A2); benzothiadiazines, e.g., 7, (D. Dhanak et al. WO 01/85172

20 Al; D. Dhanak ef al. WO 03/037262 A2; K. J. Duffy et al. WO03/099801 A1, D.Chai et al. WO
2004052312, D.Chai et al. W0O2004052313, D.Chai et al. W002/098424, J. K. Pratt et al. WO
2004/041818 Al; J. K. Pratt et al. WO 2004/087577 A1), thiophenes, e.g., 8, (C. K. Chan et al.
WO 02/100851);
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7 8
25 benzothiophenes (D. C. Young and T. R. Bailey WO 00/18231); B-ketopyruvates (S. Attamura et
al. US 6,492,423 BI1, A. Attamura et al. WO 00/06529); pyrimidines (C. Gardelli et al. WO
02/06246 Al); pyrimidinediones (T. R. Bailey and D. C. Young WO 00/13708); triazines (K.-H.
Chung et al. WO 02/079187 Al); rhodanine derivatives (T. R. Bailey and D. C. Young WO
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frequently are abs tion fromthe gastrointestin tract first

excr et PHOBYHEORU: AP 95k HenBal Poapes E‘bb?  Bidges, Fouideri 320
Elsevier Science Publishers, Amersterdam 1985; G. M. Pauletti et al. Adv. Drug Deliv. Rev.
1997 27:235-256;R. J. Jones and N. Bischofberger, Antiviral Res. 1995 27; 1-15 and C. R.
Wagner et al.,, Med. Res. Rev. 2000 20:417-45). While the metabolic transformation can

20 catalyzed by specific enzymes, often hydrolases, the active compound can also be regenerated by

non-specific chemical processes.

Pharmaceutically acceptable prodrugs refer to a compound that is metabolized, for

example hydrolyzed or oxidized, in the host to form the compound of the present invention. The

25 Dbioconversion should avoid formation fragments with toxicological liabilities. Typical examples
of prodrugs include compounds that have biologically labile protecting groups linked to a
functional moiety of the active compound. Alkylation, acylation or other lipophilic modification
of the hydroxy group(s) on the sugar moiety have been utilized in the design of pronucleotides.
These pronucleotides can be hydrolyzed or dealkylated in vivo to generate the active compound.

30

Factors limiting oral bioavailability frequently are absorption from the gastrointestinal
tract and first-pass excretion by the gut wall and the liver. Optimization of transcellular

absorption through the GI tract requires a D74y greater than zero. Optimization of the



absorption through the G tract requires a D(7.4) greater than zero.
Optim zation of thedistribution coefficient does not, however, insure
success. Wheoprwesoag nay have to avoid active efflux traosmEpeaensssen t he
enterocyte. Intracellular nmetabolismin the enterocyte can result in
passive transport or active transport -0f- the netabolite by efflux punps
back into the gut lunmen. The prodrug nust al so resist undesired
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an uncertain and chal | engi ng exerci se. Mreover, eval uating pharmacoki netic
properties of potential prodrugs is a challenging and costly endeavor.
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i keliho sust al ne iro response achi eve
tre@nent. In anot her enbodi nent conprises a dose of 180 m crograns weekly

AR YT SR e e
of the Hepatitis C virus (HCV-1) or Genotype 4 HCV (HCV-4), a beneficial response to a
treatment that includes interferon alpha, ribavirin and a HCV polymerase inhibitor could be
predicted if the patient’s HCV RNA level becomes undetectable in as short as two weeks post

20  treatment.

In one embodiment, the invention provides for a method for predicting response of a
human subject infected with HCV-1 to a treatment with interferon, ribavirin and a HCV NS5B
polymerase inhibitor comprising providing a sample from the subject at around Week 2 of
treatment and determining the level of HCV-1 or HCV-4 RNA in the sample wherein an

25 undetectable level of HCV-1 or HCV-4 RNA in the sample indicates a likelihood of sustained
virological response achieved by the subject to the treatment. In another embodiment comprises
a dose of 180 micrograms weekly of interferon, 1000 milligrams or 1200 milligrams daily of
ribavirin and 1500 milligrams daily of the HCV NS5B polymerase inhibitor. In another
embodiment said interferon is selected from from the group consisting of Pegasys®
30 (peginterferon alpha-2a), Peg-Intron® (peginterferon alpha-2b), Roferon-A® (interferon alpha-
2a) and Intron A® (interferon alpha-2b) and said HCV NS5B polymerase inhibitor is selected
from the group consisting of RO4588161, RO 5024048, NM283, and MK-0608. In another



enbodi nent said interferon is selected fromfromthe group consisting of
Pegasys(r) (peginterferon al pha-2a), Peg-Intron(r) (peginterferon

al pha- 2b)woORofoarceswA(r) (interferon al pha- 2a) and | ntr @eTAPR)0906es6ET f er on
al pha-2b) and said HCV NS5B pol ynerase inhibitor is selected fromthe group
consi sting of RO4588161, RO 5024048, NWe83, and MK-0608. In

anot her enbodi nent sai d HCV NS5B pol ynerase inhibitor is selected fromthe
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i nt erféﬁ‘%g,égﬂﬁb%ﬁ@iwzéﬁ)ﬂﬁ-a HCV NS5B pol ynerase inhibitor for achi evenent
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and twenty- four weeks after the end of treatnent. The terns "Virol ogic

Nonl(Re gplaiasanem g sushong@egrsdeieal responsedntheetibjofi-t h i nterferon are herein
used i nterchageably and refer to the presence of detectable HCV RNA (>=15
U L) in the sanple of an infected subject by RT-PCR throughout treatnent
and at Ddimiteydd of treatnment. The terns "sanple" or "biological sanple"
refers to a sanple of tissue or fluid isolated froman individual,
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the end of treatment and twenty-four weeks after the end of treatment. The terms “Virologic
Non-Response” and “No Response” to treatment with interferon are herein used interchageably
and refer to the presence of detectable HCV RNA (>=15 IU/mL) in the sample of an infected

20  subject by RT-PCR throughout treatment and at the end of treatment.

The terms “sample” or "biological sample” refers to a sample of tissue or fluid isolated
from an individual, including, but not limited to, for example, tissue biopsy, plasma, serum,
whole blood, spinal fluid, lymph fluid, the external sections of the skin, respiratory, intestinal

25 and genitourinary tracts, tears, saliva, milk, blood cells, tumors, organs. Also included are
samples of in vitro cell culture constituents (including, but not limited to, conditioned medium
resulting from the growth of cells in culture medium, putatively virally infected cells,

recombinant cells, and cell components).

30 The terms “interferon” and “interferon-alpha” are used herein interchangeably and refer
to the family of highly homologous species-specific proteins that inhibit viral replication and
cellular proliferation and modulate immune response. Typical suitable interferons include, but

are not limited to, recombinant interferon alpha-2b such as Intron® A interferon available from



resulting fromthe growmh of cells in culture nedium putatively virally
infected cells, reconbinant cells, and cell conponents). The terns

"i nt erferw020emdo80pnt er f er on- al pha" are used herei n i nt ecthzegoakdsy7 and
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interferon al pha-2a and al pha-2b. Typical suitable pegylated interferon
al pha include, but are not limted to, Pegasys(r) and Peg-Intron(r). The
term "ri bavilfedermefragylaed pisfcepovreylated ptgRraralpla’spyd IpeRimeHT@PoRIL 5-
hydfox&g@& inf f2 19 YA Miny bo rybtiyldne %1l MiFRlEcotERIRYint s
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(2R, 3S, 4R, 5R) - 5- (4- am no- 2- ox0- 2Hpyri m di n-1 -yl )-2-azi do- 3, 4- bi s-i sobutyry
| oxy-tetrahydrof uran-

The term “ribavirin” refers to the compound, 1-((2R,3R,4S,5R)-3,4-Dihydroxy-5-

hydroxymethyl-tetrahydro-furan-2-yl)-1H-[1,2,4]triazole-3-carboxylic acid amide which is a
20 synthetic, non-interferon-inducing, broad spectrum antiviral nucleoside analog and available

under the names, Virazole® and Copegus® .

The term “RO4588161” as used herein refers to the compound, Isobutyric acid
(2R,38S,4R,5R)-5-(4-amino-2-0x0-2H-pyrimidin-1-yl)-2-azido-3,4-bis-isobutyryloxy-tetrahydro-

25 furan-2-ylmethyl ester, including pharmaceutically acceptable acid addition salts, and is used
interchangeably with the term “R1626 as disclosed in P.J. Pockros et al., Hepatology, 2008, 48:
385-397, which is incorporated by reference in full herein. It is understood that the term
“Isobutyric acid (2R,3S,4R,5R)-5-(4-amino-2-ox0-2H-pyrimidin-1-yl)-2-azido-3,4-bis-
isobutyryloxy-tetrahydro-furan-2-ylmethyl ester” includes pharmaceutically acceptable acid

30 addition salts of this compound.

The term “R0O5024048” as used herein refers to the compound, Isobutyric acid
(2R,3R,4R,5R)-5-(4-amino-2-ox0-2H-pyrimidin- 1 -yl)-4-fluoro-3-isobutyryloxy-4-methyl-



2-yl methyl ester, including pharmaceutically acceptable acid addition
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5-(4-am no-%-oxo-ZH—pyrl m di n-1-yl)-4-fluoro-3-isobutyryl oxy-4-nethyl-tetra
hyd]rQ)-furan- 2- ylnmethyl ester"” includes pharmaceutically acceptable acid
addition salts of this conpound. The term "MK-0608" as used herein refers
to the compound, 2"-C methyl-7-deazaadenosine, includi n(geg‘har maceutically
accept abl e ddiedteaddiMKAH08a] assusedshaipig cieggedo i the BOBIPotnG ef -etmethyl-7-deaza-
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of two enekksnriiciiodutdersrCitaysher PROGA, dB:391M3953, witicRisdaysporkitd byuefctmie in
recomended first line treatnment for patients with chronic hepatitis Cis
peghd atedihetstter f er on al pha in conbination with ribavirin for 48 weeks in
patients carrying genotype 1 or 4 virus and for 24 weeks in patients
carrying genotype 2 or 3 virus. Conbined treatnment with ribavirin was found
to be nore diteatm VaotdiaWetkh 2 rdferson aainphgerivdrdttve vagpks omfourteen days, plus or

minus 1 to 2 days.

20 The current recommended first line treatment for patients with chronic hepatitis C is
pegylated interferon alpha in combination with ribavirin for 48 weeks in patients carrying
genotype 1 or 4 virus and for 24 weeks in patients carrying genotype 2 or 3 virus. Combined
treatment with ribavirin was found to be more effective than interferon alpha monotherapy in
patients who relapsed after one or more courses of interferon alpha therapy, as well as in

25 previously untreated patients. However, ribavirin exhibits significant side effects including
teratogenicity and carcinogenicity. Furthermore, ribavirin causes hemolytic anemia requiring
dose reduction or discontinuation of ribavirin therapy in approximately 10 to 20% of patients,
which may be related to the accumulation of ribavirin triphosphate in erythrocytes. Therefore, to
reduce treatment cost and the incidence of adverse events, it is desirable to tailor the treatment to

30 a shorter duration while not compromising efficacy.

Numerous studies have shown that rapid virological response (RVR) at 4 weeks has been
a fairly reliable predictor of a sustained virological response (SVR) for treatment using

peginterferon/ribavarin. Some studies have shown that among HCV-1 patients that achieve RVR,
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2006 43: 954-960; S. Zeuzen et al, J. Hepatol. 2006, 44:97- 103; A Mangi a
et al, Hepatology, 2008, 47: 43- 50) whil e others denonstrate that even if
RVR i s attai ned,. 24 eks of peginterferon/ribavirin is inferior to 48
weeks (ﬁrquag%{%%oftﬁe dWiPShat i ents (M-L. Yu et al, Hepatol ogy, 2008,
47:1884-1893. Brief description of the drawings Figure 1 shows the Study
Design of the Phase Il dinical Trial for RO4588161 Figure 2 shows the
i ndi vi dual HxrRNAhoes feridedypacdigr of the Ehascilh€liohgal Trgpl 48 Rék&8161 t r eat ment
and, 24 weeks posttreatnent in the patients receiving the triple treatnent
of ]1 00 ng RAMA588161, Pegasys and Ribavirin. Al patient treated were

anal ysed. CRIdrz2GhdWs ARlindieRIBABOVIRASK rBdpsRey pat@riéWcd Uehchitiag U8 ivtRRE bf Vi Ng
protocol, center and investigator. Prior to anal yses, undetectable (<15
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I evel 'I@/Iﬁﬁ QWA 024t BabNs @991% 1@%11)‘}9@9 RNK PR results. All patients will receive

standard of care (PEG-IFN alfa-2a 180 pg + Ribavirin 1000/1200 mg) beyond week 4.

Figure 3 is a graphical representation of the HCV RNA levels of patients receiving 1500
20 mg RO5024048 with Pegasys and Ribavirin whose HCV RNA became undetectable before or at
14 days of treatment. HCV RNA level is shown on the y-axis as logjo IU/ml.

Figure 4 is a graphical representation of the HCV RNA levels of patients receiving 1500
mg R0O5024048 with Pegasys and Ribavirin whose HCV RNA became undetectable after 14
25 days but before or at 17 days of treatment. HCV RNA level is shown on the y-axis as logio
TU/ml

Figure 5 is a graphical representation of the HCV RNA levels of patients receiving 1500
mg R0O5024048 with Pegasys and Ribavirin whose HCV RNA were undetectable after 17 days
30 Dbut before or at 28 days of treatment. HCV RNA level is shown on the y-axis as log;o [U/ml



Figure 4 is a graphical representation of the HCV RNA | evel s of patients
recei ving 1500 ng RO5024048 with Pegasys and Ri bavirin whose HCV RNA becane
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17 days but wLeEé)r at 28 days of treatnment. HCV RNA | evel is shown on
the y-axis as io IlUm.EXAMPLES Exanple 1: Phase Il dinical Trial

i nvol vi ng RO4588161 This was a phase 2A, nulti-center, random zed,
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patients w.th HC\/%enot 1 and HCV RNA titer > 50,000 U/ nL_were
el i gi blReMiyptrasion affest Arug ef]éS Herdrecsdas thestespemenimpe ionmy thetrinl EFigaei lonTle
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ng or aland twﬂ;cEea:lmehtyna\rvdeg&msswitBQl(E@ genbiypt-aremd UsCVoRs A tiee kyJ0,000r W mieeks
- 21 t 3000 588161, 3000 [, tw daily, +
Pegasylcé)"(’a1 %%gllg’rglesf% Ou]i‘ﬁ : | 57y % H}ale&%%ggle%agﬁnﬁﬁvgf‘ggﬁls% ‘ér oup
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subcut aneous, once weekly + ribavirin“000 ng (<75 kg) or 1200 mg ( > 75
kg) or@roujmly] for 4 weeks - 31 patients or Goup D/ standard of care
(SOC) [Pegasys 180 ng subcut aneous, once weekly + ribavirin 1000 ng (<75
kg) or 1200 ng (> 75 kg) oral daily] for 4 weeks - 2 1 patients

* Group A/Dual 1500 [RO4588161 1500 mg oral, twice daily + Pegasys 180 pug

subcutaneous, once weeky] for 4 weeks - 21 patients,

15 * Group B/Dual 3000 [RO4588161 3000 mg oral, twice daily + Pegasys 180 pug

subcutaneous, once weekly] for 4 weeks - 34 patients,

* Group C/Triple 1500 [RO4588161 1500 mg oral, twice daily + Pegasys 180 pg
subcutaneous, once weekly + ribavirin 1000 mg (<75 kg) or 1200 mg ( > 75 kg) oral daily] for 4

weeks — 31 patients or

20 *» Group D/standard of care (SOC) [Pegasys 180 ug subcutancous, once weekly + ribavirin
1000 mg (<75 kg) or 1200 mg (> 75 kg) oral daily] for 4 weeks — 21 patients

From a total of 107 patients, data from 104 patients was evaluable for analysis since 3
patients though randomized did not receive a single dose of study medication. Among the 104
25 patients there were a total of 43, 4, and 5 patients who prematurely withdrew for safety reasons

from RO4588161, Pegasys, and ribavirin treatment, respectively.

Patients meeting all eligibility criteria were randomized to receive RO4588161 in
combination with Pegasys with or without ribavirin for 4 weeks or to SOC.

30



Froma total of 107 patients, data from 104 patients was eval uabl e for
anal ysis since 3 patients though random zed did not receive a single dose
of study wednweathsen. Anong the 104 patients there were RCTaPa009066548, 4,
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wi t W orvagkchwige of thiseapiy are fallowvied d0tmashvceka westgegatraent somplcHo®hr oni ¢ HCV
genotype 1 virus infection. Viral response was defined as the percentage of
patients with undetectable HCV RNA as neasured by the Roche COBAS TagMan
HCV Test ( <PharrhddotimamiPhaabiiodichaiki cthdaisscssmest pr estimh edrabyodd, Sindngdal
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of means over tine. Results se-and "t I'ne- dependent decreases In plasnma

vi reé Ipatchtwerich chmaroy &CY glchotwpargl virus infection. Viral response was defined as the
percentage of patients with undetectable HCV RNA as measured by the Roche COBAS TagMan
HCV Test (< 15 IU/mL). Pharmacodynamic data were presented by listings, summary statistics
(including means, medians, standard errors, confidence intervals for means, ranges, coefficients

of variation, proportions of patients with response and confidence intervals for proportions) and

20 plots of means over time.

Results

Dose-and time-dependent decreases in plasma viral load were observed following

treatment with RO4588161, Pegasys and ribavirin. Declines in HCV RNA were observed as

25 carly as the first assessment (72 hours) following the first dose. All RO4588161 containing
groups had > 3.6 log10 decrease in the mean HCV RNA (IU/mL) from baseline at week 4, all
larger than 2.4 logl0 with SOC. Dual 1500 and Dual 3000 revealed dose dependent decreases
with a difference in mean change in viral concentrations of minus 0.9 logl0 IU/mL (-3.6 vs. -
4.5). When comparing Dual 1500 and Triple 1500 (same dose of RO4588161 and Pegasys, but

30  with ribavirin), the difference was even greater at minus 1.6 logl0 IU/mL (-5.2 vs. -3.6). In
addition, when comparing SOC and Triple 1500 (same dose of Pegasys and ribavirin, but with
RO4588161), the difference was the most pronounced at minus 2.8 log10 IU/mL (-5.2 vs. -2.4).

In addition, the 95% confidence intervals between Triple 1500 and Dual 1500, and between
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Trial involving 48 Up t treatnment-na ve patients with HCV
genpdype 1 infection were enrolled in 3 cohorts using three dose |evels of
RC6024048 (0 ng, 500 ng, or 1500 ny oral, twice daily) in conbination with

standard dgses of Pegas;is (1,180 . Subcut aneaus, once weekly) and ribovarin
Example 2: Phase’Il Clinical Trial involving RO5024048

Up to 75 treatment-naive patients with HCV genotype 1 infection were enrolled in 3
cohorts using three dose levels of RO5024048 (0 mg, 500 mg, or 1500 mg oral, twice daily) in
combination with standard doses of Pegasys (180 pg subcutancous, once weekly) and ribovarin

20 [1000 mg (<75 kg) or 1200 mg (> 75 kg) oral daily], and up to 25 non-responder patients with
HCV genotype 2 or 3 infection (e.g., subjects who did not achieve sustained virological response
after prior pegylated interferon therapy, and did not discontinue for tolerability or toxicity
reasons) may be enrolled to study a dose level of RO5024048 in combination with Pegasys and
ribovarin. Twenty-five (25) patients per Cohort of R0O5024048 were enrolled. Twenty (20)

25 patients per cohort received RO5024048 in combination with standard of care (SOC) and five (5)
patients per cohort were randomized to receive SOC with a RO5024048 placebo. Patients were
screened up to 56 days prior to enrollment. On Day -1, patients visited the clinic for pre-dose
assessments. On Day 1, patients received an oral dose of study drug RO5024048 or placebo and
Pegasys/ribovarin in the morning with a light meal and at least 240 mL of water.

30 A majority of dosing occurred on an outpatient basis. Periodically, patients returned to the
clinic for study assessments. Early morning on Days 7, 14, 21, and 28, patients were asked to
report to the clinic after an overnight fast. Patients received their RO5024048/placebo in
combination with Pegasys and Ribovarin with a light meal and 240 mL of water in the morning

in the clinic. Patients were followed through Day 56 (28 days after dosing is completed).
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Results

10 The most notable decreases in plasma viral load were detected in patients receiving a four-
week treatment dose of 1500 mg R0O5024048 twice daily together with SOC dosing of Pegasys
and ribovarin. Figure 3 shows that patients who had undetectable HCV RNA levels at 14 days
of treatment (Week 2) were all HCV RNA negative when measured on day 56 (Week 8). In
contrast, patients who did not exhibit undetectable HCV RNA until day 17 of treatment (Figure 4)

15 or day 28 of treatment (Figure 5) were mixed with respect to whether or not HCV RNA could be
detected at Week 8.



treatment dose of 1500 ng RC65024048 twi ce daily together with SOC dosing of
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of said treatment for achievement of sustained virological response in said subject.

3. The method of claims 1 or 2 wherein said treatment comprises a dose of 180 micrograms
weekly of interferon, 1000 milligrams or 1200 milligrams daily of ribavirin and 1500

20 milligrams daily of the HCV NS5B polymerase inhibitor.

4. The method of any of claims 1 or 3 wherein said interferon is selected from the group
consisting of Pegasys® (peginterferon alpha-2a), Peg-Intron® (peginterferon alpha-2b),
Roferon-A® (interferon alpha-2a) and Intron A® (interferon alpha-2b) and said HCV

25 NS5B polymerase inhibitor is selected from the group consisting of Isobutyric acid
(2R,3S,4R,5R)-5-(4-amino-2-0x0-2H-pyrimidin-1-yl)-2-azido-3,4-bis-isobutyryloxy-
tetrahydro-furan-2-ylmethyl ester, Isobutyric acid (2R,3R,4R,5R)-5-(4-amino-2-ox0-2H-
pyrimidin-1-yl)-4-fluoro-3-isobutyryloxy-4-methyl-tetrahydro-furan-2-ylmethyl ester,
NM283, and MK-0608.
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5. The method of any of claims 1 to 4 wherein said HCV NS5B polymerase inhibitor is
selected from Isobutyric acid (2R,3S,4R,5R)-5-(4-amino-2-o0xo-2H-pyrimidin-1-yl)-2-



furan-2-yl nmethyl ester, Isobutyric acid

(2R, 3R, 4R, 5R) - 5- (4- am no- 2- ox0- 2Hpyri m di n-

1-yl) - 4- fwWoanw/@9gosobut yryl oxy- 4- net hyl -t et r ahydr o- f ur amCZ/AapRemRIbGSE7 est er,
NVR83, and MK-0608. 5. The nethod of any of clainms 1 to 4 wherein said HCV
NS5B pol ynerase inhibitor is sel ected-£0-omlIsobutyric acid
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(2R 3R 4R, 5 ()Z 5-(4-am no- 2- oxo-2H pyri m. din-1-yl)-4-fluoro-3-isobutyryl oxy-
4- methyl-té Réﬁﬁ’r éR) ér(é\ﬁ@n%rlzr?é@ -PEdnghin-1-yl)-4-fluoro-3-isobutyryloxy-4-

methyl-tetrahydro-furan-2-ylmethyl ester.



