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RESPONSE TO HCV TREATMENT FI ELD OF THE | NVENTI ON The present invention

rel ates twoknowarieers that are useful for predicting thecTErpanses3od
hepatitis C virus infected patients to pharnacol ogical treatnent. 5
BACKGROUND OF THE | NVENTI ON Hepatitis-1€ virus (HCV) is a major health
probl em and the | eadi ng cause of chronic |iver disease throughout the
world. (Boyer, N et al. J. Hepatol. 2000 32:98-112). Patients infected
with HCV are at risk of developing cirrhosis of the liver and subsequent
hepat ocel | ul ar carci noma and, hence, HCV is the major indication for |iver
transplantation. 10 According to the Wrld Health Organi zation, there are
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clear the virus, but the rest can harbor HCV the rest of their lives. Ten
to twenty percent of chronically infected individuals eventually devel op
| iver-destroying cirrhosis 15 or cancer. The viral disease is transmtted
parentéﬂELP#i%QEE%QQQQﬂﬁgﬂgd bl ood and bl ood products, contani nated
needl es, or sexually and vertically frominfected nothers or carrjer
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conblng%ﬁg#]aﬁ%ﬁ 3 g&ﬁggi@ s%%&ﬁg%&ﬁog r|bQV|r|n are of limted clinical
benefit as resistance devel ops rapidly. There is an urgent 20 need for
|nproved therapeutlc agents that effectively conbat chronic HCV infection
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about 20% of people clear the virus, but the rest can harbor HCYV the rest of thelr lives. Ten to

twenty percent of chronically infected individuals eventually develop liver-destroying cirrhosis
15 or cancer. The viral disease is transmitted parenterally by contaminated 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
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

20 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 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,
25 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 long open

reading frame (ORF) encoding a polyprotein precursor of-approximately 3011 amino acids, and



5 DNA sequence. Each genotype contains a series of nore closely rel ated
subt ypes whi ch show a 20-25 % di vergence in nucl eoti de sequences (Si nmonds,
P. 20041 wenoiiMerows. 85:3173-88). Mre than 30 subt ypes PRIFP2010068370

di stinguished. In the US approxi mately 70% of infected individuals have
Type la and Ib infection. Type Ib is t#e npbst preval ent subtype in Asia.
(X. Forns and J. Bukh, dinics in Liver D sease 1999 3:693-716; J. Bukh et
al ., Sershort 3LUTR. Dhe 5' UPR s the nidat Hikh B onsdddOpdrtiorhe ICVIy@®nk dndfiect i ons
are nore resistant .to therapy than either the type 2 or 3 genotypes (N N
Zei n, ampprtanifer thyingtiationapd conigelef pglyproieindsnslafioe geneti ¢ or gani zati on and
pol yprot ein processing of the nonstructural protein portion of the ORF of
pestiviruses and hepaciviruses is very simlar. These positive stranded RNA
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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.

The NS proteins of pestiviruses and hepaciviruses share sequence domains that are characteristic
25 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; 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.

30 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

lifecycle of the viruses are directly analogous. In both cases, the NS3 serine proteinase is
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Failla et al. J. Virol. 1994 68: 3753-3760; Xu et al. J Virol. 1997 71:53
12-5322). The NS3 protein of both viruses also functions as a helicase (K m
et al. Biochem Biophys. Res. Conm 1995 215: 160-166; Jin and Peterson
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10 Ribavirin is not approved in nonotherapy agai nst HCV but the conpound is
approved in conbination therapy with interferon a-2a and interferon a-2b.
Vi ram di rwol2b1ivs7®5pr odrug converted to |la in hepatocyt esT/Hratienéssrons

(I FNs) have been available for the treatnment of chronic hepatitis for
nearly a decade. 15 IFNs are gl ycoprotéi-ns produced by i mune cells in
response to viral infection. Two distinct types of interferon are

recogni zed: Type 1 includes several interferon al phas and one interferon
13, type 2 includes interferony. Type 1 interferon is produced nmainly by
infected cells and protects neighboring g?hkg fromde novo infection. |FNs
inhibit viral replication of manygeuses,_n ncl udi ng HCV, and when used as
the sole treatnment for hepatitis C inegrion, |IFN suppresses 20 serum

HCV- RNA t o undetectable | evels. Addithogally, IFN nornmalizes serum am no
transferase levels. Unfortunately, §h® é@ﬁects of IFN are tenporary.
Cessation of therapy results in a 70% relapse rate and only 10-15% exhi bi t
a sustained virol ogical response with normal serum al ani ne transferase
levels. (L.-B. Davis, supra) 25 CAeRFCHYEYi on of early IFN therapy was
rapi d cl earance of t he protein frBRERENBIBBY. Chenical derivatization of

| FN wi ' Yy ulted |
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conjugate of interferon a-2b and a 12 k WO 2011/°067195PCT/ EP20107 068370
- 5( S;mrspeqmmhmyvu@E@cle(OBldeAnalgax Bibagtrirghas,in @ltioactivite a@e‘pnst 20@2al DNA and
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nonot hefi@yhdr &y ritaQiriy @atd® Béruaf arbinbl@dns fRRkE 1e08ks Af Horm{aRACA®) off Patidhes, but
reconblnant formof interferon a-2a. Peggsys(r) (Roche) is the pegyl ated

(i. H%Pﬁ&lpé’ﬁésegﬂlvd%Yelsrﬁf&‘ﬂ@Ve%INAf ¥Ry BFn plse émlb%ﬁg@ﬁ%m to¥eifo#dapr )
(Scher| I

Peg- In&@gngq H%ga%%%?%% ‘%gth Ion I@EHt %RBE%3$I{§5 %%%3% ﬁIrg?(m’a%gron

a- 20 KibMitieis fooapproodd inmh@totiet gy @aindsHOM butalse ¢omtipriuhe idppt@Biedyin T and co
are currentl‘ in clinical developrment for the treatnment of HCV. For

exanpl €OMPHREPYEITIDY it hingsfeeobet- 2él A deeHeren opyd.| Nirampintelb Briiredign( r)
(natur g % agen, Al buferon(r) by Human Genone Sciences,

Rebi f (r n%#%@er é?g%ﬁgﬁ§¥%g) by Ares-Serono, QOrega Interferon by

Bi oMedi cine, Oral Interferon Al pha by Ararill o Bi osciences, pegylated

|nterferon k1/ 1L-29 by BMS/ Zy etics 15 and interferon.y, terferon T,
and i ntBH %408?1% ) Baweﬁlﬁﬁwh%ﬁ%efn onihg ticRinaye %ﬂ%ﬁﬁep%ﬁﬁ?r atlsA dﬁ??éileapy
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t herapy. Conb g ri r|n Peg ( results in a sustalne
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and herolytic dnemda I's associ ate th sustained treatment wth Ti V|r|n.
A nunbencleding bi(Bntand wheolussidsahe sele gestsichofor tiepeagitid é&/mfaapcm,riFprmsses HCV

NS RES bt I aHEEE MR R b s ket
pol ynenage. Uﬁkﬂ&ﬂiﬁ%ﬁ@l&e&%&tof@% BOLYPRE RS € CeSaBHS6f HERDY rQ8REMd @d%f or

replication of the single-stranded, positive sense, RNA genone and th
enzyme rélagseaticaind edlysilghi%icshibit aisustemed viralwgivg] 1esniings wath noheali sstusn alanme

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

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



30 Nucl eoside inhibitors of NS5B pol ynerase can act either as a non-natural
substrate that results in chain termnation or as a conpetitive inhibitor
whi ch compet2esi/ostos nucl eoti de binding to the pol yner aseCT@Pra12ios83)N55B

pol ynmer ase nucl eosi de i nhi bitors have been disclosed in the follow ng
publications, all of which are incorpofiated by reference in full herein.
WO 2011/ 067195PCT/ EP2010/ 068370 -6- i-Pr 2345 B= adeni ne, thym dine,

uraci | .mansteihoey PBGANBNA. Bittbrhwy pOxemk.NiTRes). R0YIRAD) 9933 38 publ Ksedski
Novenber 29, 2001, J.-P. Sommadossi and P. Lacolla disclose and exenplify
t he antpd Ak PorisndérGadrohcRaleases2 0 2. 214t38H-- and 2' - al kyl nucl eosi des of
formulae 2 5 and 3. In WD 01/92282, published Decenber 6, 2001, J.-P
Sommadossi and P. Lacolla disclose and exenplify treating Flaviviruses and
Pest i vilnt¢sfemnwi-Lhahd médrkydn o@bchrd curddrklylapptoste asindasthedap§ frihd geat@earud 3.
In WO 03/ 026675 puplished April 3, 2003, G _ Gosselin_ discloses 4'-alkyl
nucleodi@¥sRaferagrAt (Reghichty e epgpmbmgsiclormed imbederpy or s Bsgasy® (Rpche) is the

W2004003000 bl i shed, J 8,. 04, J.-P. i ®al..di | 2' -
B e S R e Aot S e e S A A T
nucl eogt atiddl) iV 20QMNRAA 8PPl G Resh d AW &Y P& - 1% (Scherin

; Co orationf)
2'-C-nethyl -3 -0-valine ester ribofuransyl cytidine for the tr%atﬁ%nt 0
FI avi viig ildpegylatke dbinooSintckfdeon x-2bas reported clinical trials for a related
conmpound NM283 which is believed to be the valine ester 5 of the cytidine
analog 2 (B = cytosine). In W 15 2004/ 002999 published Jan. 8, 2004, J.-P

ASf.O ngfgﬁ@ﬁéer Ofg}‘mf +f in%irfggolnos ,e a }N?ig B% fier efrorg {3 , 8?, f31i aRg ?od rayegcsurpef tllX tuli %I%I;SiCal?’I » Of

nucl eosi aes t1or reat nen avivirus it nre

i ncl udidagelbfdentFbehE @Renent Hf MBROP4/ @é@%&l IRfeR)chS (iatbrkiiealBhacéRd4 by J. - P.

Sommadossi et al. di;égose 2' -branched 20 nucleosidgs and Fl avi viri dae

mut at i dpterYpnanSeritren s@atid| intsHewwnnpy Viragen, 2dpgemn GydhengmGenonag |
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Fl aviviridae including HCV. 25 O her patent applications disclose the use

of Eer taad mtenferbe gsintbelcemat, egd interfarorat] bivydaterMivge @evi deslapmiaact i on. | n WO
01/ 32153 published May 10, 2001, R Storer discloses nucl eosides
derivatives for treating viral diseases. In WO 01/ 60315 published August

23, 20Q@bmbhatlontRirhpy 6 HEV: with MO:EAA 2P B RE68E GR2AAPL YRS Ghe 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)

20  Unfortunately, the combination also produces side effects which pose clinical challenges.
Depression, flu-like symptoms and skin reactions are associated with subcutaneous IFN-o and

hemolytic anemia is associated with sustained treatment with ribavirin.

A number of potential molecular targets for drug development as anti -HCV therapeutics have
25 now been identified including, but not limited to, the NS2-NS3 autoprotease, the N3 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.

30 Nucleoside inhibitors of NS5B polymerase can act either as a non-natural substrate that 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.



-7- disclose nethods of treatnment or prevention of Flavivirus infections

w t h nucl eosi de conpounds. In WD 02/18404 published March 7, 2002, R Devos
et al. diwolws@ediossubstituted nucl eotides for treati ngPECEPZINWOES370 N WO
01/ 79246 published COctober 25, 2001, K A Witanabe disclose 2'- or

3' - hydroxynet hyl nucl eosi de conpounds fter the treatnment of viral diseases.
In WO 02/ 32920 5 published April 25, 2002 and in WO 02/ 48 165 published
June 20, 2002 L. Stuyver et al. disclose nucl eoside conmpoundsNHpr the
treatment of viral diseases. 66a I n WO 03/105770 publ i sfe{lDecerrber 24,
2003, B. Bhat E‘[Oal di sfcqﬁ)se a serles of carbocycljc nucl _§Fde
derivatives th he s taje of  H&PT ns. In WO
2004/ 007512 10 pub | ﬁld Jan ar 01&2 M Bhat gept a Ila\f ose
nucl eosi de conpoun at in t0f RNAS endﬁr}t poI yIer ase.

The nucl eosi des HPscl Bged #9 t hO& publ HOati OH are (Iri rﬁarl

nmet hy1l- 2' - hydroxy substituted nucI eosi des. I n WO 2002/ 057425 pubI i shed July
25, 2002 S.'S. Carrdll et al. isclose nud eosi de derivatives which

i nhi bitor of RMWA-dependenting gl Rehyehase and nethods of treating HCV
infection. In WO0Ri05é28dinpubl 1 shed Jul'y 25, 2002, S. S. Carroll 15 et al.

di scl ose rel ated 2a-nethyl and 213-nethyl ri bose der| vatives wherein the
base is an optionally substituted 7H pyrrol o 2, 3-d] pyri m di ne radi cal 6.

Car v or T SO '9075 | PR GheF baEToS08a TARER 15 G 1168} cenlb higiose i > >
i nhi bi tkon th%tpﬂl 2 6@&%@%& é{«}d}‘qtm&m&h& di. an%}(l(&@ieomhék c\/i@o%&%é 909020

publ i shed anuary sen et "al. disclose a series of
t hi oﬁwu@héésiImWQQI@é%?\Aambh@@dékwmhﬁtﬁ t2©915 JoP. Soumddgsenaidrit. [RNAadiscdpse

P Y I 6B Sl SRS Pl R S s SRR 0 ith 3R Yo 2l sk B0 res

treat If6auldd Bandat BIWOND3/0866¥4GubEshet APRITB! Y0030/ Gosiin dtldstd £chlkyl
"2' -fluoronucl eosi des” discloses a famly of 2'- 25 fluoronucl eosi des

usef ul nugleotiees 4 fos septing Fleviviragaend iPsstBirusey, HI 'V and abnormal cel | ul ar
proliferation. Both configurations of the 2' fluoro substituent are

di sclosed. Eldrup et al. (Oral Session V, Hepatitis C Virus, Flaviviridae;
16t 10 | nh &v@2004003000 Mll@lﬁkﬂ%ﬂ@ﬁ%ﬁ(ﬁﬂ/ EHQCKb@irﬂeﬁ&@ﬁ@t alBdisdliggei2braad e on
Antiviral Research (Apr 003, Savannah, descri bed the structure

act i vi tyjodreesfi londhiir 42'511@?884@4 B ?f@c@'éd‘élclfé@dﬁ%rlnl\?{ﬁ’i 009342 Hev.
Bhat etaouB1 she%l %@@& %OQ”Z - n{éﬁﬂl?%' bl Shlifre E@t&ﬁbofﬂaﬁwl\éwﬂﬂ@%r tﬁeGﬁQatment

I nt er nati ona erence’
of Flaviviridae infections. Idenix has reported clinical trials for a related compound NM283

which is believed to be the valine ester § of the cytidine analog 2 (B = cytosine). In WO
15  2004/002999 published Jan. 8, 2004, J.-P. Sommadossi ef al. disclose a series of 2' or 3' prodrugs
of ', 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 ef al. disclose 2'-branched

20 nucleosides and Flaviviridae mutation. In W0O03/026589 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 ef 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 al.,



5 on Antiviral Research (Apr. 27, 2003, Savannah, Ga.); p A75) describe the
synt hesi s and pharnmacoki neti c properties of nucl eosi de anal ogues as

possi bl e wohtiitsords of HCV RNA replication. The aut horsPCEmpea10tobssto

2' -nodi fied nucl eosi des denonstrate potent inhibitory activity in
cell-based replicon assays. 10 Osen et’7-al. (Oral Session V, Hepatitis C
Virus, Flaviviridae; 16th International Conference on Antiviral Research

( Apr. Zﬂsclo%@@&xhoa@wﬂeahm@ ﬁre‘&nﬂ&@bf Blasiirde s@Edtad withewelkbsgs Sorﬁlﬁodnhﬁ
2' -nodi fied nucl eosides on HCV. RNA replication. Several c|asses

non- nudn &43i0de 8 prEEhed MWH 092 Handaev9e ehalidisdlprafaubiiniag auql@tldes for

H.
ashi e HeY VR RERTEATOMH Pyl Oriob s PO, B REL L ERLES; 2
Beaul i @u 3ehydabxyrviEhy1310ROZdE crdipouds for tReacdtinent @ftviral distdScsd M) DIB2BLQ  P.
L. Beaul | t al 3/ d (P. L. i t al. WD
03/ o%i&fhﬁﬂﬁgﬁp?%éﬁ% i '1%3*(&82)4)8&6' %H&YS% sincahaat B Srenainby gs172
Al d%ﬁﬁ@huﬁ&oﬁde co ogﬁéso%zglﬁztre%%ner{gof Qllral[aﬁefayeset al . W03/ 099801 A,

D.Chai et al. WD 20 20 4052312, D. Chai et al. W?2004052313, D. Chai et al.
W02/ 098424, J. K. Pratt et al. V\ngglzl/0418l8 A; SH,K Pratt et al. WO
2004/ 087577 Al), thiophenes, e. (C. K Ch aI . WD 02/100851);

78 benzot hi ophenes (D. CypYoung\a N R gBail e N\%;OOI 18231);

13- ket opyruvates (S. AttanmungO . US 6\40 Bl, A Attanura et al.
WO 00/ 06529); pyrimdines ( delli et al. 02706246 Al);

pyrim di nediones (T. R Ba %1? pd D. C qull(q?g 00/ 13708); triazines
(K.-H Chung et al. WD 02/ 918 AI ); rhodanine derivatives (T. R Bailey
and D. C. Young WO 00/10573, J. C. Jean et al. WD 01/77091 A2);

2, 4-di oxopyrans (R A Love et al. EP 256628 A®); phenyl al ani ne derivatives

(M W 093 249

011/ 0dd YR SEHPEBH e SR By e? R O3 B I e 0 srieastarbosslisnt

anti - vinpakogi€e Gerivatil-dé thidGye usdiilBsths itfepinent o NV iafudtiany. | mOHOCHI04/007512

chenot her apeutic agents. Unfortunately their practical util] t% is _often
hibé

i M edublsheddarugex o7 200EHE: Bhptyer ab(S’é%CYOﬁﬁaPﬁﬁ‘&m Goapnognehy thatein ently
limt i r@g?rlﬁgﬁtoww A1 ﬁélg{zﬁﬁsé dmgle%%kﬁ@s ditQRe g*}ﬁfgﬁyg 153{&9“51{‘& pt Ia?lﬁéfﬁl ul ar

concent t he eosl rivatives an
physi cahethyldbaytioas sulasitutedhudaisites.atn WO DEI2/@HY42Mpublishedilld 26£20081H. Syed to

enhance_ del i ve t he act redl e Al ber rodu ed the term
pr odr u&aﬁf&ﬂdﬁég@ ﬂf%@san%?f;p*&{?rff}rw hé@k@hibﬁpw %qPSP%gl.t 851?' PP&P’%‘E?P?% ty
but whigh nihdRRRREAIRITORLARSHLE TrRDDbR5TBREA ﬁl[bhrsﬁ’edtﬁ%%tﬂ%? ru@arroll

substance (A Al bert, Selective Toxicity, Chapman and London, 1951).
Pr otfug ¢ hbdfsc]be@relate;bm{rﬂle]hylend fedethribétet denyativostwhatein the. baked aGhem 2004

BundghAPHOMBEOY it A DT B HFGAEs Ficisohbr TUSMVew MR e

‘E gg;:t 'E:?)gg'exzﬁﬁﬁlk! BF a 3PGRATERbsIBO! 518 8Srrb RS LOABAT CELP Dol S78(T4). Bryydgaar d
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 thionucleoside

20  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 family of 2'-

25 fluoronucleosides useful for the treatment of hepatitis B, HCV, HIV and abnormal

cellular proliferation. Both configurations of the 2' fluoro substituent are disclosed.

Eldrup et al. (Oral Session V, Hepatitis C Virus, Flaviviridae; 16" International



15 Sci ence Publishers, Amersterdam 1985; G M Pauletti et al. Adv. Drug
Deliv. Rev. 1997 27:235- 256;R J. Jones and N. Bi schof berger, Antiviral
Res. 1995w@npi1loeiBdsand C. R Wagner et al., Med. Res. Re¢I/EPOQO/02€37¢117- 45) .
Wil e the netabolic transformation can catal yzed by specific enzynes, often
hydr ol ases, the active conpound can al$6 be regenerated by non-specific
chem cal processes. 20 Pharmaceutically acceptable prodrugs refer to a
conpour@bnifdradceion mt@bokbgeaﬂ;h (her. 29x2008, SBatwelaip| Gz pdesuribex tidl zed, in the
host to formthe conpound of the present inventjion. The bi oconver si on

shoul d SHUELES arcarttfatqlttwnﬁlrla@ﬁé ntngdtﬁlefi Huelgasidss| feginbwitian offi¢ Ve i es. Typi cal
exanpl es of prodrugs include conpounds that have biologically labile
protecting groups linked to a 25 functional noiety of the active conpound.
Al kyl atBhaner cdo(‘ﬂraltSersmomN blchetitisl ¢ Maylsj Flaciviriede f i6C dnicomtiohaltGunférgareox y
group(s) on.th y bee iliz in the design of

pro cloéﬁthgéfRW s (épb?%ae:?(g@e S gy b ngr) drsF5e8 ﬂtﬁsya%ﬁrlwrl%t ed in
vivo t%hQﬁﬁbﬁcBE’&l@tlé&% pBkl MPn&%Ef&%ﬁalo @éétag?éss%l@tﬁhhﬂl%r%ﬁﬂicb' pRxai l ability
frequently are absorption fromthe rointestinal tract and 30 first-pass
excr et irgplichiont. Adc guthowaicpora Huit 2’ heocﬂlﬁvré nucl@pidayidgaphsratopotentansbrdryul ar
absorption thrquﬁ/Epe G tract requires a D(7.4) greater than zero.

opti mi 25EY B SF IR RG4S coefficient does not, however, insure
success. The prodrug may have to avoid active effl ux transporters in the

enterogy Intracel lular nmetabolismin the enterocyte can result in
paskl vélwn 62@1 1004 BredrCY/ BPpaito 0888 lavigiridag; 4 s pfematipnas Eonfasence #Rs por t

of the u ugps c [N3! ug nust

ol so r ATaRRCh b RL AR s TR aRr S & bR e s B BERT 25 e

targetrﬁﬁhﬁ@iﬁmﬂﬁﬁﬁprmﬂﬁﬁfEbM%kbﬁcammat|ve pro drugs sonetinmes can

rational ly desi gned based on the chem cal functionality present in the

nol ecul e, chemi cal nodification of an active congound produces an entirely
b

new erIS@EQrWa(rlaSéﬂ&¢ﬁI}DmWC@¢S@QH@\§NS§Btln@P@ﬁ@1§|hﬁ& eengleygibedland effeni cal and
b |
b T e B U S T

mul ti ploemasttvtaﬂashﬁﬁtdo tet)alawr(b 08400234, Of LnBéAdoh ki ﬁswd b81920240eA2; P. L.
identification 10 of prodrugs remains an uncertain and challen% n

exercr§%ﬁuWBr@é%érS6é€§ﬂ§bfﬁnB?bH§W#h@bﬁﬂ%éeraﬁ9%6@?Vﬁ@sm@?bb tia
pr odr “Qa%a eitﬂet%?‘axklb%% %1@1‘?&2‘}%&&%&&8 . ,ﬁlﬁﬂﬁﬁ%k%%} ‘W@%ﬁ%ﬁsﬁ?zf rom
ani mal o be di fICU t’to extrapo ate o humans. Recently, It was
di scovexled. tDtmhak or PaviCe0d/837262eA; éd JwDuffy IeleqdaW(t)(DyO@SVil rAls D3Ehantey pe WO
(HGY-1) r ype HCV- 4) enefi ci treat t hat
| nchLaeo0Taan £ St oh v Crilsns P YaR Gk b BBEDIRFGs b et DGk 1 pre
Ther apyhogayl §1 s0&1 AT RAprked of fwbRoRARY ST AS), HEYpHRNA, b ‘%Ned @%0@% et al.
undet ectabl e in as short as two weeks post treatnent he correlation
bet weerW@ 24t00&0t); showi ng Rapi d Virol ogi c Response-2 Weks (RVR2) and
achi eving Sustained Viro |ogjc 8esponse (SVR) at the end of Triple Therapy
treatment is disclosed in theoaonnnnly 20 owne pgtent application USSN
61/ 138,585, filed Decenben 11;8’ whi chMP?@r'bé{r’ ated herein by
: THE | NVENTON ,N+h€HMeesent i nvention

R alN1 n™atients infect \ ith Genotype 1 of the
25 Hepatitis Cvir L JCV- or Genotype 4 HCWp: q?t undergo Triple
Ther apy treatment of YHCUNRNM pol yrerase i nhibitor ©n cSMBl nation with
pegyl ated | FN and rrbavr?rn certain

7 8

reference inits entiret
is based on the di

benzothiophenes (D. C. Young and T. R. Bailey WO 00/18231); B-ketopyruvates (S. Attamura et

25 al. US 6,492,423 B1, 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
00/10573, J. C. Jean et al. WO 01/77091 A2); 2,4-dioxopyrans (R. A. Love et al. EP 256628 A2);
phenylalanine derivatives (M. Wang et al. J. Biol. Chem. 2003 278:2489-2495).



bi o markers can be predictive of a patient achieving RVR2, which, in turn,
is a positive predictor of the patient show ng Sustai ned Virol ogi c Response
at the emsoabittasemsnment. 30 I n one enbodi nment, the inverCrmP2@oovssdes for a
met hod for predicting that a human subject infected with HCV-1 or HCV-4
will achieve RVR2 to treatnent with interferon, ribavirin and a HCV NS5B
pol ynmerase inhibitor conprising: (Oproviding a sanple from said subj ect
prior to said treatnment (pre-treatnent), WD 2011/067195PCT/EP2010/ 068370
(ii) determning the expression |level in said sanple of at |east one

pr ot ei ANusdgoside dgrivatives PR e vaisnEvisYEdli(pg- SHVVBE Y. Ebrass sinple MV ARt and
MEPL, 3 chhdd L pGRSRSaDQBictBEn X PhERIARY BYPhrRlich AfIiR} is b888linfRE bR Qb el
in said sanple to a reference value représentative o n expression’level
of t he fattolse &#ttlypeopplat@ico knde ipveerticsdragperaht lireatineatopaiopbEthecof a
patient popul ation that did not achieve RVR2 to.said treatpent; wherein a
st at stmuela&v@e @P@ﬁh? BriAnd the @H@?eﬁf@% CRRGTEATYLQRE BRCIEaRaeeT VR Wthe
protei @eédﬁdﬁ@k%o%gmlal Bhysical RbEREL Y&tric'f'?&rmt%ﬁdtfén%ﬁﬁbﬁs%hﬂéh k&ul&%g'seﬁlp;&@ry%gm to

said treatnent. : n dnot her “enbodi ment, e invention provi
met hod té enhapredélorinegf thhattive ihgmdiantsubj ect i nfected with HCV-1 or HCV-4
w il achieve RVR2 to treatnment with interferon, ribavirin and a HCV NS5B

pol ynmerase i nhi bitor conprising: (Oproviding a sanple from said subject

f ol | owi 1B RferodBEH tAE tSAl flodiifas ARBEDL £ BEMPRRK WIASH labk LRtRM Diological
15(ii)determ ning the expressron level in said sanple of at |east one

protki neddhelitediel swapabde ofrmeipbalisrisinsformgtion toTthapetivarsug subsiames, (Zarfdbert,
(111 Comparineh,bdf. EXRLSIRATLEYShad, 1586, Fod B2ty RGHREARAL il &R
sanple 10 a ref'erence value repreées ht atl v ot an expression “evel of

t he at Hteastr eng., praabehes 200Med (10)@3032e048eKBqaasibnt &AL TeM DeadPleash. i N a
pati ent Bopul ation that did not 20achieve RVR2 to said treatnent; wherein
a st at i2003 01 y*83; PnBrndeantd. Regae e/ Bragresss Bereyasvible dstivemnes 27 1ag9¥8 one
protein,jn. sai AP Lbsid g Eatk b : ' ul3j il ' RVR2 to
said t Lé']éc?lroré%}té} O?n ygteChgﬁ%cltaég)ftﬁ%%%gf%gﬂ?{ p}?)lﬁgu%§ h@éﬁﬁd llgr%@f@g%){%or a

met hod Sc@ncpPeldisbtisngmetsatrdan HORRIG.28. Baidjtaet ol Alledded M/IVhRECYILT DT 25EV- 4

w1 aoiev R LA EaIERL w1 0GRt T 68§18 R A HSY. MRS

Res. Rev. 2000 20:417-45). While the metabolic transformation can catalyzed by specific
enzymes, often hydrolases, the active compound can also be regenerated by non-specific
chemical processes.

20
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
bioconversion should avoid formation fragments with toxicological liabilities. Typical examples
of prodrugs include compounds that have biologically labile protecting groups linked to a

25 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.

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

through the GI tract requires a D74 greater than zero. Optimization of the distribution

coefficient does not, however, insure success. The prodrug may have to avoid active efflux

transporters in the enterocyte. Intracellular metabolism in the enterocyte can result in passive



(Oproviding a sanple fromsaid subject prior to said treatnent
(pre-treatnent), (ii)determning the expression level in said sanple of at

| east onewpnrotigicmesel ected fromthe group consisting of PCGHPet1@l0683% P1b,
TRAIL, and MDC, 30(iii) providing a sanple from said subject foll ow ng one
week of said treatnment (one-week post -i0eatnent), (iv) determ ning the
expression level in said sanple of at |east one protein selected fromthe
group censiost drn@tied trdisbbebathe MtEdite B_thlx pafdhs We¥k intdMBe gut lumen. The

2011/ 067195PCT/ EP2010/ 068370 -12- (v) determining a differential expression
| evel @0 4% st 4%@@6&@6&?6& hiptransEyrpateny lﬁéhepl?lew Beforrsisachingibe dargetom sai d
subj ect . pn gﬁﬁ&?e week post treatnent sanple fromsaid subject, (vi)
conparlng sald ferential expression level of the at | east one protein to
a reference 5value representative of a differential expression | evel of the

t d d f t k t
t reas([a ﬁé&bl?%@ﬁgr“%sp%ﬁmgs . Vﬁgmsrcgénﬁﬁ f estlm?ﬁ %%ea W@%ﬁ%@%@ozm d
treat mf)?ésent"m%eeﬁlale@ulét @Hefn%éan aRldifcafb®BE i £ARE cSBﬁS‘&ﬁi ArBdLdRE of bﬁtﬁl%rye&w al

expression |level of the at |east one protein is indicative that sai'd
subj ectrnQAdeIIaramhtyevblcRvmexhdmsamdﬂ:sm‘téapMsmal chomBr] & DESCRrATO BNt THE

DRAW N re 1 shows the St Desi he, Phase. | i.ni | Tria
Cor RodBsaL e Bartnfitound ° RELHER B Ol Bt TR B afp Pl ity o
the 31 f@é@aﬁu&lg@tﬂ ﬁﬂft@lé’}ﬁ%&%@%a‘d&g ajp%rlﬁﬂsz%e-{%’h@e@y Thi§ ahdRIBAtiRfatidR00 MY
R04588161, Pegasys 180 pg, ribavirin ure 3 shows the expression

| evH] s ofprosiregsarmeing ian upegriain angtchollenging WamS% dearcave grdldatioant di fference

O em el RSk B BLAERG Pod 08l ARG MR EERLER SN S panel ) 201

pati ent's esen represents the
mean Va@hunanlindtic apieskamsininid nadichadiabe didfiditt to Quirhpodats te hiowamsas  were

not included in the determ nation of nmean and nedi an val ues.
Recently, it was discovered that in patients infected with Hepatitis C Virus Genotype 1 (HCV-1)
15 or Genotype 4 (HCV-4), a beneficial response to a treatment that includes interferon alpha,
ribavirin and a HCV polymerase inhibitor (Triple Therapy) could be predicted if the patient’s
HCV RNA level becomes undetectable in as short as two weeks post treatment. The correlation
between a patient showing Rapid Virologic Response-2 Weeks (RVR2) and achieving Sustained
Virologic Response (SVR) at the end of Triple Therapy treatment is disclosed in the commonly
20 owned US patent application USSN 61/138,585, filed December 18, 2008, which is incorporated

herein by reference in its entirety.

SUMMARY OF THE INVENTION

The present invention is based on the discovery that in patients infected with Genotype 1 of the
25 Hepatitis C virus (HCV-1) or Genotype 4 HCV (HCV-4) that undergo Triple Therapy treatment

of HCV RNA polymerase inhibitor in combination with pegylated IFN and ribavirin, certain

biomarkers can be predictive of a patient achieving RVR2, which, in turn, is a positive predictor

of the patient showing Sustained Virologic Response at the end of treatment.

30 In one embodiment, the invention provides for a method for predicting that a human subject
infected with HCV-1 or HCV-4 will achieve RVR2 to treatment with interferon, ribavirin and a
HCV NS5B polymerase inhibitor comprising:

(1) providing a sample from said subject prior to said treatment (pre-treatment),



Figure 4 shows the expression levels of proteins (in pg/m) at Wek 1 that
show a significant difference (p < 0.05) between patients that achi eved SVR
(represemwoedotiwe’s) and patients that 25 did not achi ereT&¥RI10NePBresent ed
by "0"). Synbols have the sanme neanings as in Figure 3. Figure 5 shows the
differential expression |evels of protéins (in A pg/m) between Wek 0 and
Week 1 that show a significant difference (p < 0.05) between patients that

achi eved GYR (d&@phas@ptedeyessibn)lcvanth faat saeiplsof fatastbt proteird@itcasdeir R
(represented b%@" 0"). Synbol s have 30 the sanme neani g\gs as in Figure 3.
Fi gure 6 showstherEoppesiongistigidMBXC, FEotaxin bl Qs iAR GenddSP1.cindj dent'i fyi ng

pre-treat t i i t e . i ith SVR,
el udi ngtThe ForBueaR B o Slon el B 855 RaupiE i fapSag s BbE ' | 1]

sel ect ed as anrcforparctvahic repescaabitec Of epegsessioadetny of érece hdastgene pusteing each
met hod with 1500.tines of si rrulation]sp, %ngir. trai qi ng error rates, and
testing error $ived TOBERAMTEHEHSHRP ST PENPEEPRPY ‘K‘I‘\?El\tl%‘t nef aPREVE er m
"response” to R{RALPREY tieStnenfieSi rabl e response to the adm nistration of an

agent or agents. The terns " Sufstai ned Virol ogi c Response"” ("SVR') and
" Conpl etlerdRes patistecally siRifjcanbhiph@akprestiomtcaclhdithd af leasednd prodnic esagkabl y and

refer to the absence of detectabl. CV <15 . U nl) in the sanpl e of
an i nf S8TBE '3 'Cﬁyewtﬁffﬁ%?cg&lﬁagﬁle‘f &08?1&&6@3’[6 nt and twenty-four
weeks after the end of treatnent. The terns "Virol ogi c Non- Response”
("VNR'") and "No Response" ("NR') to treatnent are herein used

i nt Kt cHageetberecnaiodimertt ethe inyentien proaties éu aghetlied & tragslietingchatRrNamgan=sugjcp )
in 15 t | i t e j - t r eat t and
2t the e ICYAER HYRE LR IE R e SR ML B3 REY epgRa’

(" RVR2'BCY efSiBspdlomtiage mhitstoe eopridiei:ect abl e HCV RNA (<15 U/ nL) in the
sanple of an infected subject by RT-PCR after two weeks of treatnent. 20
The t er ms(i¥ sanpioziding a sagirde grcwid shigst Bllopargenre werkpfsadireatment (enesyieckor
fluid isolated ggﬁgétﬁ{%n{)ndi vidual, including, but not limted to, for
exanple, ti ssud bl opsy, plasma, serum whole blood, spinal fluid, |ynph
fluld, the@i)extdstominmgcehd expsesebntldve] skian] sangdpof @tlaasyond proest sehatedafingn

genitourinary tracts, tears, iva, mlk, blood cells, tunmors, organs.
Al'so incl uded @r@ﬁ%ﬁﬂn&tlﬁoé@k‘f\ﬁ“ ﬁcﬁ_ld%gflan ul ture constituents
(i ncl udi ngy) bu&odﬁ?dtrinkitﬂg L8k Bn 16RNEF th AP RAst R b ih 68 Wil kiigp koM t he

growh of cells in culture medium putatively virally infected cells,
reconbi nant cetdfg¢n@ndlucetpresmmpionehtis Pxpressiindeya pfitherag laastameepratainue

representative, of expression level" refers .to an estinmate of the 30 nean
exhr cos on 1 evitivsf teThBERRHRes EFmeal FORISD B laipadin Gor gdBaR: on
popay ati on t haich@XRIRWVRS todaiPire€gimentNon- Response to a Triple Therapy

treat nent.
wherein a statistically significant higher expression level of the at least one protein in said

sample is indicative that said subject will achieve RVR2 to said treatment.

In yet another embodiment, the invention provides for a method for predicting that a human
25 subject infected with HCV-1 or HCV-4 will achieve RVR2 to treatment with interferon, ribavirin
and a HCV NS5B polymerase inhibitor comprising:
(1) providing a sample from said subject prior to said treatment (pre-treatment),
(i)  determining the expression level in said sample of at least one protein selected from
the group consisting of TGFbetal, MIP1b, TRAIL, and MDC,
30 (i)  providing a sample from said subject following one week of said treatment (one-week
post treatment),
(iv)  determining the expression level in said sample of at least one protein selected from

the group consisting of TGFbetal, MIP1b, TRAIL, and MDC,



WO 2011/ 067195PCT/ EP2010/ 068370 -14- The term "statistically significant”
as used herein neans that the obtained results are not likely to be due to
chance flwotoatdcorys at t he specified | evel of probabili tgTardiiasesssed
herein neans a | evel of significance of |less than or equal to 0.05 (p <
0.05), or a probability of error of |e$3 than or equal to 5 out of 100. 5
The terns "interferon" refers to the famly of highly honol ogous

speci es- spgci f d@emiinigiantfftroatialicRprickiidBlevelrodlthd #ntdscend @oteanbbt@edd tht pre-
proliferation and nodul ate_ i mmune response. Typical suitable interferons

i nclude, but afeatfigrt samina emsaid subiceirdribhend-week Past BRetECphRMPle Soraids
Intron0 A inte&&ﬁkpn avai l abl e from Schering Corporation, Kenilworth, N.J.,
reconbi nant 10 i ntérferon al pha-2a such as RoferonO-A interferon avail able
f r om Hof f fvénn- teanpomisaidMifférential Mxgressiorelcosttuifnanit 1éast end @pm @l phér@Cesuch
as BeroforO al pqa 2 i nterf,erofn (g ai | abl e fraom Boehringer. |1 ngel heim
Pharhaceut i cal ValRhEePresegtaigerqtey dtcreniipl expienyian carhgH tAT #eashPne BrofsiR i f i ed

bl end of nat ur gl.i\ahBiyd, V@;elt.t%ahﬁé& @§m§1é§ Qn@§ne5%|€é>1&;1 gésglf}g%tﬁl\éﬁ% aARI& ih & Picnt

Sum tono, Japan or as feronO i1nterferon al pha- I'NS) availabl'e from

t he d axo- Vel | pgmiationdhat dibnaicwehic@ BYR216 sBdittcainmgnt,or a consensus al pha
interferon.such .as those.descri bed. i ..S. Pat. Nos. 897,471 an

4, 695, SRR SRRy SRR e neS g B 5»’@6{%@@%@5&}9&%%302%& RS 9B oduct
avai | abl@efnli® MBS that §6d sutNWRHN YcIBav kR VRl kaid t@htnicht.er f eron al pha-n3 a
m xture of natural alpha intéerferons nmade by Interferon Sciences and

avald able fromthe Purdue Frederick Co., Norwal k, Conn., under the Alferon

Tr ade“@gﬁﬂﬁ@ﬂﬁﬁ%{"O@ﬁlﬁ B‘ﬁlA%FN@Eher forms of interferon al pha, as
wel |l a ) ) , omega and | anbda that are currently
in climigat 1deywes oRrseidy Dedigr bftht PeakcTeqtiniehl FHEY foFlRO488&16pl €, | nfergen(r)
(interferon al phacon-1) by InterMine, Omiferon(r) (natural interferon) by

Viragen, Al buferon(r) (A bumn interferon al pha 2b) by Human Genone

Sei . ! ) ] 1 b
o oNear e et et B PAIEROR MRk Mgl TR PECRNE C PRI A ReLfF e on
y, 1nt dirfpds Oherdpy @cedmemtofr1560 oy BO4IREI¢ 1 Peghsitsdi8Muge andarilchvésdiny c of er onTM

(gl ycol -engi neered consensus interferon). Interferons can include pegyl ated
interferons as defined below The terns "pegylated interferon”, "pegylated

i nter f g5a0c 8lsRORs (RAprcBESH RLEE bepRCndlif pHaRla@Lal 0 tab LiRSve RaRaRRRLY and
nmeans pol yet hyl ene gl ycol nodified conjugates of interferon alpha, 30

pr ef er albffgrenast(prsf @0 Drbcal pingpafenta ticit athpbvad AR Tigpicscltcdshyi t1ahhed pegpisahad
interferon al pha Lpelude, but  are,not |imted,to, Pe and Peg- | ntron0.
orner st M 6P Re SRR REL PR Py ie Pt e APY & DDA by

Zy mpe neddiidisvaiitd @Ritlists @howl 8¢ & vwREle hétinclu¥¥d i AL 4 Q6-AliRRRBEUrEREA 1A 8RARA0

-15- The term"ribavirin" refers to the conpound,
1- ((2RV8Re4S, 5R) - 3, 4- Di hydr oxy- 5-

Figure 4 shows the expression levels of proteins (in pg/ml) at Week 1 that show a significant
difference (p < 0.05) between patients that achieved SVR (represented by “1”’) and patients that
25 did not achieve SVR (represented by “0”’). Symbols have the same meanings as in Figure 3.

Figure 5 shows the differential expression levels of proteins (in A pg/ml) between Week 0 and
Week 1 that show a significant difference (p < 0.05) between patients that achieved SVR
(represented by “17’) and patients that did not achieve SVR (represented by “0”’). Symbols have

30 the same meanings as in Figure 3.

Figure 6 shows the performance of four analysis methods for identifying pre-treatment

expression levels of proteins that are associated with SVR, including the frequency of being



hydr oxynet hyl -t etrahydro-furan-2-y1)-1H[1, 2,4]tri azol e-3-carboxylic acid
am de which is a synthetic, non-interferon-inducing, broad spectrum

anti vi ralworeligwsiogde anal og and avail abl e under the nampsT/EvRoianes3e® and
CopegusO . 5 The term "R04588161" as used herein refers to the conpound,

| sobutyric acid (2R 3S, 4R, 5R)-5- (4-anlho-2-oxo-2H pyrimdin-I-yl)-2-azido
-3 ,4-bis-isobutyrylo xy-tetrahydro -furan-2-yl nethyl ester, including

phar mageldtteg at hy i ent @ia@lﬁ@épﬂes@dﬁﬂﬂob@@rc@ﬁﬂa%é),usﬁf@d:abﬁ ¢8R with 1500 times

i nterchangeably with the term "R1626" as disclosed in P.J. Pockros et al.,
Hepat olodgynulatisms, thaig trapgr. cyopr ratghiapd t4sEing Qrpi@tspor at ed by ref erence in
full herein. The term "R05024048" as used herein refers to the conpound,

| sobutyric acid (2R 3R 4R, 5R) -

5- (4- arDEDAR-EX DESGRIPTION @M THEVNVENTIONT 0- 3-1 sobut yryl oxy-4-nmethyl -tetra
hydro-furan-2- ylmethyl ester, including pharmgceuti.cally acceptable acid
addi i driedgmnt sf,eglpé?ﬁﬁe i tliﬁ’%té‘éfnw%‘i}‘ﬁ’éil‘@%%ﬁ 6@%%@%@%@%‘”&%2’8" as

di scl osdggntg‘n S. Ali et al., Antimcrob Agents Chenother., 2008
52(12):4356-4369, which is incorporated by reference in full herein. The
term "around Week 2" refers to a tinme period of two weeks or fourteen days,
plus or,mnus 1 to.2 . .20 The term” ".refers to t,okine. r eceptor
Crs0, CReRTR S Qs B s Rematse ety Bol o Solaies By “shBet a1y,
menber tRa@fienl Miciekdn u?éElCinté’f&éﬁgléAB dRERE B the SBRUENSRIdt St MISHCISRN Al (15
GenBank Accession Nunber NP 001234. 25 The term"MG' refers to

Gantfh- ilH{ek} ér the-semalecddnmpisekil sebjent bvoRCRebath aliibe andbyf tgeatmrentiantd er f er on,
whi ch i.s _al n h j -X-C notif) ligand 9 or CXCL9, and whose
human FW(G) gﬁﬁuégg%ﬂgﬁ%grtﬁggﬁ?égq%éé ti n GenBank Accession Nunber NP 002407.
The term "TARC' refers to Thynmus and activation-regul ated chenoki ne, which
is alsg known as 30 chernokine (CC notif) ligand 17 oi OCL17, and whose
human phstams ‘Sdiplegic NonRegpasros ddVR N andnBrkesperses § Nh )@ fsEmeNI902978.
VIO 201 1AGTASREFEAALY BRIIED\s OB RURIBCHLY KNISDef A g s o
Transform ng grow actor beta gie) Wwhose Ruren protein sequence 1s

di st oskdsampl&GenBainkcAdsabriory RNIHIER thbuhoG6hdatmditent at tis chSDFtrbitmont.
"SDF-1b" refers to Stromal cell-derived factor 1 beta, which is also 5
known as chenokine (G X-C notif) ligand 12 or CXCL12, and whose human

pr ot ei MSQANPAEHId Fidlopsd ]Q@s%gnéenz GRRRAMIR VACL G $&EQMo H}érﬁ%_@énc%"afgai@@g@_e The

term "Eotaxin-2" refers to Eosinophil chenbtactic protein 2, wh is al so

known &¥CY R ki el [{/@LE imtheishinple afandnf2dted sulgait b¢ R RERwiitss evdwicels ¢fr ot ei n
sequence %I?e&?i sclosed in 10 GenBank Accession Nunber NP 002982. The term
" TRAI LT 's to TNF-rel ated apoptosis-inducing |ligand, which is also
knopn as tunor necrosis factor ( ligand) superfam| 7/, menber 10 or
TNFSF10, and Apo-2L, and whose human protein sequence is disclosed in
GenBank haderass sanp IRl ab &rio IRpicalpRapic” rggrs 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 and

genitourinary tracts, tears, saliva, milk, blood cells, tumors, organs. Also included are samples of
25 invitro 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).

The term “reference value representative of an expression level” refers to an estimate of the
30 mean expression level of a marker protein derived from samples in a HCV patient population

that exhibits Virologic Non-Response to a Triple Therapy treatment.



The ternms "HCC-4" or "HCC4A" refers to Human 13 (CC) chenoki ne CC-4, which
is al so known as Mnotactin-1 and chenokine (C-C notif) ligand 16 or CCL16,
and whosewbunameprist ei n sequence i s di scl osed i n GenBankchmpesioosssiunber NP
004581. 20 The ternms "M P1b" or MP-1b" refer to Macrophage inflamratory
protein 1-beta, which is also known asléhernokine (C-C notif) ligand 4 or
CCL4, and Lynphocyte-activation gene 1, and whose hunman protein sequence is
di scl osed térfn GenBasHlyAGGeScino asNYsDBereiNF &AL b theldbeaih @l t¥Bulls BNt likeBr to
"TNF-RI1" refer to _Tunor necrosis factor receptor 2, which is also 25 known

as p75 brdusio eassEpgustions gt the spesificst leyd S prgrbilignndrsitsed hgeingagagsfact or

recept -anl T, . 1k i
cequenderer SPERUBTLI pr TREHEN o BBl i ROR R o0 RIS UMY B B S e
"I TAC' ookqudl torAclt ¢felf0ér to I nterferon-induci ble T-cell al pha
chenpattractant, which 30 is also known as Interferon-gamma-inducible
prot5ei n 9 or P9 and chenokine (G X-C notif) ligand lii or CXCL11, and
whose hql@%&nﬁr‘%sﬂf&oﬁew&@@@thb%&lﬂgskfﬁgﬁ@ Hofnd REcRGGHESHE Brdbifbafac NP
005400. WD 2011/067195PCT/ EP2010/ 068370 "-17- e terns "IL2R" or "IL-2R'

r ef er tuchibievitil géplehtiomandycetlolanpfliferhigon andemd duktc mhunecspowe. Tymsilst i ng of

het i t, | | Ki t .al ph | L- wh h
o or oL B BT RN u bEE et offed e o B D b2 s, T
I nt erl QHﬂf(')If@A ih&@@%@dvah%l@_ﬁ%hLS&BBhg Cm&idhul(%ﬁﬂ\pé@ﬁ in'., ERAh8MHakt i's
di scl osed in GenBank Accession Nunbef 5 NP 000869, and Interleukin 2

r eckbt artefereralnbpt2azrgl) as Bofstonkndvinteasramiyageterianchie Biene L doshe.dvutlganma
Kunber N 3o TETRR REPLEMARAE G BB JR AR e B3R "1

whi ch iBochtisger kngweiaPhhphaRacad and ORefpefold] CoRc! iarkfefaacd|sha-or, alpubfic@and
whose human protein sequence is disclosed in GenBank Accession Nunmber NP
004504 blendpd @atugs! gfpha ipererogs suchps Pgmifepan® ayaglablg frgmg Sumitomo, Japan or as

|t o1 f QO QAR R RAAE AR PHRIS) o WAL (R B0 IOWRL A%, GRETRIAE Gk
ot 1) 1T sed 1 R B P U BT (R BB JeTDBNPE ek ©

nmotif) l1gan whose hunman protei n sequencé
di s odrdainnorGectBatrisuAelpbs gitaferdiusdpdras Nios© ddsbibed THhe.Sc Batr dot. 4, &Xdtennded

first I reat men or tients with chronic hepatitis C. | at ed

|t or f dh DR GRS AN GatRGE P ohote HhereArEElA e SRR DBy eke i SR Shee
carryi nge gRBILYRPadk, ealift, ¥ ih%é%fe?d?ldalﬁ&r-nﬁé’fnﬁﬁﬁ@oﬂd&t&ﬁtdlﬁﬁ_tiﬁte%{ow hi¥de b
genotype 2 or 3°virus. Conbined treatment with 20 ribavirin was found %,o be

nmor e eflfitedeioneScidnaes dndtagaildhiofronl thé Burdon dtdderielp(oi, Nopanlkefiosn. swrsler tieapsed
after o or re courses. of ..interferon, al pha thera s, wel | in

ot evi odUTg S ATRESEG Jae s g opt Bads IR SRR ST ivan i de
ef f Pt SnteASloH BRI ﬁérﬁﬁﬁ,t 2. &Ith&Galad b ahst HO SERnElky ity clirﬁ!s'élki'%%l&ﬂh@nt for the
ribavirin causes henol ytic anem a requiring dose feduction or ' ®

di scontticatnanit ohHOV . rFdsawimple, hegapy(itarfenop atphizet- &) gy hoerMung 9o fferon

pati ents ich.may .be .25 related t® e acc | at i,on of .ribavirin

Pri phodpiruib it iy EsheneA Ruio (b BmftE ST LA BRL S T TESL B0 ¢ ne

i nci dergeeneds, ROVIET GftcBé@M tRta-14) bySARESkfoabl Ok Itérf@bn b BidVIe@LHEOral 0 a
shorter duration while not conprom sing efficacy. Nunerous studies have
shown tlhfgtferoaphlgha by dinggilledbioscasngen gad (RvRyomy, iUteperiisT, had inbaétomy-flAibyl y 30

usi 1 DBTUER: Fuf SARPr gl A OBl Sforias il BRERENA bRTranghy Bt
pat i entpsgyihl imeitBHEaIRncd BlowVR rates were conparabl e between 24-week
and 48-week peginterferon/ribovarin treatnent (D.M Jensen et al.,

Hepat ol ogy, 2006, 43:954-960; S. Zeuzen et al., J. Hepatol. 2006,
44: 97- ]191% ‘terms “pegylated interferon”, “pegylated interferon alpha” and “peginterferon” are used

herein interchangeably and means polyethylene glycol modified conjugates of interferon alpha,

30 preferably interferon alpha-2a and alpha-2b. Typical suitable pegylated interferon alpha include,
but are not limited to, Pegasys® and Peg-Intron®. Other forms of pegylated interferon may
include PEG-Interferon lambda by ZymoGenetics and Bristol-Myers Squibb.



-18- A Mangia et al., Hepatol ogy, 2008, 47: 43-50), while others
denonstrate that even if RVR is attained, 24 weeks of

pegi nt er f'woaniwishesi rin is inferior to 48 weeks of treaPOEmP2010/0643% 1
patients (M-L. Yu et al., Hepatol ogy, 2008, 47:1884-1893. WO

2011/ 067195PCT/ EP2010/ 068370 -19- EXAMPLES Phase Il dinical Trial

i nvol vi ng R0O4588161 This was a phase 2A, multi-center, random zed,

doubl e-ikitardedifaRRHEE8LEL o andcdrhfavi 1-((2REITE4S, SROBPI-Bitgdidxgest and Pegasys
was open | abel ed), active-controlled, wth a parallel-group study which is
ongoi ngydrxgeetyhighighpdpifaandd-yhd HHohHtHezolg-fsarbogylicestidhamide velyghisit t o
the fir all j te I : I | nt
por t1 o PSRk Bndlci BloolHetlo P AL BE BHEBRRAP AV HEREDT
pat i entundashe omhés, Vadzala®iang Qopegis® eeni ng peri od and only treatnent-nave
patients with HCV genotype-1 and HCV RNA titer 50,000 U n 10 were

eli gﬁ ble for enroll nment. One hundred and seven nmale and femal e patients

bet weerryl§e @Dk 68526881 °SaOfsc @ UE W Br&RY AL bEHpd IO THBE VAL YetY i%lﬁ’%%iéﬁ@ﬁ%)-i‘ler e
randomi zed into four treatment groups: Goup A/ bual 1500 [ R0O4588161 1500

nmg or al(4-ammce2-odaidHpyriRagad yd)-2-80idpep, 4-bbeist g ylosy-tdtBahydmefuneeRylmétbyl 4

ks - 21 .patij.ent G B/ Dual 00 4588161 3000 [, t.wi
Horly ee R BB LRI areR et SR OB bpd s e By Rinialply S
pat i entfe term “RN 62 &5/dSclRbS inlP PP dRRABBL I pkafTR008, alR; 380BTE viAdH ¥ +

Pegasys 180 pg subcut aneous, once weekly + ribavirin 1000 ng (<75 kg) or
1200 monqormBated by sefarenein fy}l hegpin.4 weeks - 31 20 patients or G oup

D/ standard of care (SOC) [Pegasys 180 pg subcut aneous, once weekly +
ribavirin 1000 ng (<75 kg) or 1200 mg 75 kg) oral daily] for 4 weeks - 21

pat i entThe k@M ROSER4848°0ds Us0d hp@in Rfdrsto tatamps i, Ibupaic £t @RERS 4R\R)uabl e
for analéﬁi s. since 3 patients 25 though random zed did not receive a single

dose of-EraporieencAdmyRmidapnyD vhuoroA-iseluteyioxyrheethngtahydrodben-of 43,

4, and v, DAkl & Sint8ind Hh ich11MabQEB 4P idit dA1t5 & T rom
0585701 Begay R R Frcl P AL L o B M PP
15 interechangeably with the term “R7128” as disclosed in S. Ali et al., Antimicrob Agents

Chemother., 2008 52(12):4356-4369, which is incorporated by reference in full herein.

The term “around Week 2” refers to a time period of two weeks or fourteen days, plus or minus
1 to 2 days.

20
The term “CD30” refers to Cytokine receptor CD30, which is also known as Tamar necrosis
factor receptor superfamily, member 8 or TNFRSFS, and whose human protein sequence is

disclosed in GenBank Accession Number NP_001234.

25 The term “MIG” refers to Gamma-interferon-induced monokine or Monokine induced by
gamma interferon, which is also known as chemokine (C-X-C motif) ligand 9 or CXCL9, and

whose human protein sequence is disclosed in GenBank Accession Number NP_002407.

The term “TARC” refers to Thymus and activation-regulated chemokine, which is also known as
30 chemokine {C-C rootif} higand 17 or CCL17, and whose human protein sequence is disclosed in

GenBank Accession Number NP_002978.



Patients neeting all eligibility criteria were random zed to receive
R04588161 in conbination 30 with Pegasys with or without ribavirin for 4
weeks or wo 28006785l patients who received at | east onePdogP2ab/ost30ay
medi cati on woul d continue to receive open | abel Pegasys 180 pg sc gw and
ribavirin 1000 ng (<75 kg) or 1200 ngy-¥Y& kg) po qd to conplete a total
treatnent period of 48 weeks. WO 2011/067195PCT/ EP2010/ 068370 - 20-

Randoniiz@ttéen Wesp ST T bkt d réfyrsttd @rdiSfosil tih faspabsal G )yehsdéshuman
intensive PK) in a 2:3:3:2 ratio into the follow ng treatnment groups (G oup
A Dual PIogem sequence iycissiosed BuGFNBotioAceeson pabyr WPT0006PE 1500 - 30, G oup
D)SOC - 20). 5 All patients were to have a safety follow up visit at week
8, 4 weeks after the | ast dose of the experinmental drug conbination.

Pat i entThewans “lS@th\/er tSDE-18” vefeik te Sfrey] dobltdooiwed facvirsli icta] whictgis alsei r

trea nt with th ard of re ther atients who have conpleted a
ful I° 4&DQEBRS ERTR ﬁ?é]%h ff%ar 124 I%P Grd phojiEanRetein seQHERRENnt

conpl etlg @@clogéad?h%ﬁeﬂ@@lxé@ﬁbﬁm%emmomuded the assessment of serum
viral load, and viral response at individual clinical visits and an

assessnent of antiviral resistance devel opnment wth R04588161 given in

conbi nati on Wi, Pegas i or thout ribavirin iin.treatnment nave

oot emadedi e 1Ry R Romt! kPR sient FRb FRetpahee was
def i nednasctineper seNH C%n@f/ 1 $PCPRLY efdSyist RuMBsl BERsH 38R néIGY D s&Bin
nmeasured by the Roche AS TagMan HCV Test (< 15 1U ). Pharnmacodynam c

dat ¥ m@@%ﬁb@@msé@nﬁ\]}imb%ﬁﬂl@@%@ummry statistics (including nmeans,
nmedi ans, standard errors, confidence intervals for neans, ranges,
coefficients of variation proportions of patients with response and

conf i demeeecintBR AHI"Srefedd topTOPe¢lhicd Bpdptagislinducing lighndyediich ©\4&H KnbW.as20 To
identify protein bi omarkers predlctlve for response to the various

t r eat NEWROT BGTIRENACHT HiRd E‘é‘ﬁﬁ wgiinapankes|  Pee IS Brand 2 -ght andvhose
pre- ”f@g{gﬁ%ot&h' B@wﬂ% pjtdflor Sl @Géﬁfﬁiarﬁ’{tA&@ BOStpidRRpENt (tine

poi nt ste e expre55|on eve s of various cytokines and
chehoki nes using a custom zed SearchLight 55-mul ti pl exi ng sandw ch- ELI SA

system vallab dro sh ste Billeric VA t he protoco
oer TR ARG of HICCH” B8 RRvp TR e ins Ccod Viickisledbinsn,

Anal ysiyg MBné'ﬂ%fﬁf‘l G¥d QlehRe CBC%&H?HQQM%MW% %13:(( gv}mse]{ﬁﬁ’na%%ote%' Ch I's
i ncor porated herein by reference ini1ts entirety. human cyt oki nes and
chenokisagentestdestldaspd tm@elﬁarnchwbekfuaé)mNPgﬁ@ﬂﬂ&lst ed on Table 1. WO
2011/ 067195PCT/ EP2010/ 068370

20  The terms “MIP1b” or MIP-1b” refer to Macrophage inflammatory protein 1-beta, which is also
known as cherookine {C-C motit) ligand 4 or CCL4, and Lymphocyte-activation gene 1, and

whose human protein sequence is disclosed in GenBank Accession Number NP_002975.

The terms “TNFRII” or “TNF-RII” refer to Tumor necrosis factor receptor 2, which is also
25 known as p75 Tumor necrosis factor receptor (p75TNFR) and Tumor necrosis factor receptor
superfamily, member 1B or TNFRSFI1B, and whose human protein sequence is disclosed under

GenBank Accession Number NP_001057.

The terms “ITAC” or “I-TAC” refer to Interferon-inducible T-cell alpha chemoattractant, which
30 is also known as Interferon-gamma-inducible protein 9 or P9 aud chemokine (C-X-C moni)
tigand 1} or CXCL11, and whose human protein sequence is disclosed in GenBank Accession

Number NP_005400.



-21- TABLE 1 IL-1Ra IFNglL I'L-22 IL-8 IL-16 IL-18 IL-4 IL-7 IL-2R IL-6R
| L-13Ra MCP1 MCP2 I TAC MG MP-1 a TNFa Eot axi n
WO 2011/067195 PCT/EP2010/068370

-17-

The terms “IL2R” or “IL-2R” refer to the high-affinity form of the Interleukin 2 receptor
consisting of a heterotrimer amongst Interleukin 2 receptor alpha (IL-2RA), whose human
protein sequence is disclosed in GenBank Accession Number NP_000408, Interleukin 2 receptor
beta (IL-2RB), whose human protein sequence is disclosed in GenBank Accession Number

5 NP_000869, and Interleukin 2 receptor gamma (IL-2Ry), also known as the common cytokine
receptor gamma chain, whose human protein sequence is disclosed in GenBank Accession

Number NP_000197.

The terms “IL-16 or “IL16” refer to Interleukin 16, which is also known as Lymphocyte
10 chemoattractant factor or LCF, and whose human protein sequence is disclosed in GenBank

Accession Number NP _004504.

The terms “IP10” or “IP-10” refer to 10 kDa interferon-gamma-induced protein, which is also
known as chemokine (C-X-C motif) ligand 10 or CXCL10, and whose human protein sequence

15 s disclosed in GenBank Accession Number NP_001556.

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

20 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 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

25 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 a

shorter duration while not compromising efficacy.

Numerous studies have shown that rapid virological response (RVR) at 4 weeks has been a fairly
30 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,

the SVR rates were comparable between 24-week and 48-week peginterferon/ribovarin treatment

(D.M. Jensen et al., Hepatology, 2006, 43:954-960; S. Zeuzen et al., J. Hepatol. 2006, 44:97-103;
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A. Mangia et al., Hepatology, 2008, 47: 43-50), while others demonstrate that even if RVR is

attained, 24 weeks of peginterferon/ribavirin is inferior to 48 weeks of treatment in HCV-1

patients (M.-L. Yu et al., Hepatology, 2008, 47:1884-1893.
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EXAMPLES

Phase II Clinical Trial involving RO4588161

This was a phase 2A, multi-center, randomized, double-blinded (RO4588161 and ribavirin were
5 double-blinded and Pegasys was open labeled), active-controlled, with a parallel-group study
which is ongoing. A screening period (time from the first screening assessment to the first
administration of test drug) of 35 days preceded the treatment portion of the trial (Figure 1). The
HCV genotype and HCV RNA titer of each patient was confirmed during the screening period
and only treatment-naive patients with HCV genotype-1 and HCV RNA titer =2 50,000 IU/mL

10  were eligible for enrollment.

One hundred and seven male and female patients between 18 and 66 years of age were enrolled

into the study. Patients were randomized into four treatment groups:

* Group A/Dual 1500 [RO4588161 1500 mg oral, twice daily + Pegasys 180 ug subcutancous,
15 once weeky] for 4 weeks - 21 patients,

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

once weekly] for 4 weeks - 34 patients,

* Group C/Triple 1500 [RO4588161 1500 mg oral, twice daily + Pegasys 180 ug subcutancous,

once weekly + ribavirin 1000 mg (<75 kg) or 1200 mg ( 2 75 kg) oral daily] for 4 weeks — 31
20 patients or

* Group D/standard of care (SOC) [Pegasys 180 g subcutaneous, 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
25 though randomized did not receive a single dose of study medication. Among the 104 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

30  with Pegasys with or without ribavirin for 4 weeks or to SOC.

All patients who received at least one dose of study medication would continue to receive open
label Pegasys 180 pg sc qw and ribavirin 1000 mg (<75 kg) or 1200 mg (= 75 kg) po qd to

complete a total treatment period of 48 weeks.
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To identify protein biomarkers predictive for response to the various treatment regimen, plasma
samples were collected from each patient at pre-treatment (time point Week 0) and at one-week
post treatment (time point Week 1) and tested for the expression levels of various cytokines and
chemokines using a customized SearchLight 55-multiplexing sandwich-ELISA system available
25 from Aushon Biosystems (Billerica, MA) by the protocol described in Moody, M.D. et al.,
“Array-Based ELISAs for High-Throughput Analysis of Human Cytokines”, Biotechniques,
2001, 31(1): 186-194, which is incorporated herein by reference in its entirety. The human

cytokines and chemokines tested in the 55-multiplex assay are listed on Table 1.
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TABLE 1
IL-1Ra IFNg IL |IL-22 IL-8 IL-16 IL-18 IL-4 IL-7
IL-2R IL-6R IL-13Ra MCP1 MCP2 ITAC MIG MIP-1a
TNFa Eotaxin Exodus-Il | IP10 CD30 TARC IL-15 TRAIL
IL-1p G-CSF GM-CSF | MIP-3b [-309 IL-4R MIF HCC-4
IL-5 MDC Eotaxin-2 | MCSF SDF1b SCF RANTES | TNRFII
CD14 IL-10 PARC IL-12p70 | IL-13 IL-17 CD40L IL-23
IL-6 TGFp1 MIP-3a IL-3 MIP-1b IL-1RII Lympho-
tactin

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 early as the first
assessment (72 hours) following the first dose. All RO4588161 containing groups had 2 3.6
logio decrease in the mean HCV RNA (IU/mL) from baseline at week 4, all larger than 2.4 logio
with SOC.

Dual 1500 and Dual 3000 revealed dose dependent decreases with a difference in mean change
in viral concentrations of minus 0.9 logio IU/mL (-3.6 vs. -4.5). When comparing Dual 1500 and
Triple 1500 (same dose of RO4588161 and Pegasys, but with ribavirin), the difference was even
greater at minus 1.6 logio 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 logio IU/mL (-5.2 vs. -2.4). In addition, the 95% confidence intervals
between Triple 1500 and Dual 1500, and between Triple 1500 and SOC were all non-
overlapping, indicating a superior antiviral effect of Triple 1500 over Dual 1500 and SOC.

The treatment outcomes of the 31 Group C patients who underwent Triple Therapy are
graphically represented in Figure 2. Out of the 13 patients that were able to show undetectable
HCV RNA at two weeks of treatment (i.e. RVR2), eleven were able to achieve SVR at 24 weeks
post treatment completion. In contrast, out of the 18 patients that did not exhibit RVR2, only

seven achieved SVR.
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The expression levels of each of the 55 chemokines and cytokines in pre-treatment plasma
samples from patients who achieved SVR were compared to the expression levels of these
proteins in pre-treatment plasma samples from patients who did not achieve SVR using the
Wilcoxon rank-sum test (a non-parametric method). Similarly, protein expression levels in
Week 1 post-treatment samples from SVR patients were compared to protein expression levels in
Week1 post-treatment samples from non-SVR patients. Furthermore, differential expression
levels of each protein between Week 0 samples and Week 1 samples (delta) were examined and
compared between the SVR patients and the non-SVR patients. The statistical significant
differences were considered at the critical level of 0.05. The analyses were implemented in the
program Spotfire (Spotfire DecisionSite version 9.1.1, 2008, TIBCO, Somerville, MA). The
proteins that showed statistically significant differences in expression levels between SVR and
non-SVR at Week 0, Week 1 and Week 0-Week 1 differential (delta) are shown on Table 2. The
expression level data of each of these proteins for the three test points are shown graphically on

Figures 3, 4 and 5.
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TABLE 2
WEEK 0 WEEK 1 DELTA

protein p-value protein p-value protein p-value
CD30 0.0116 CD30 0.01461 HCC-4 0.006044
MIG 0.0213 TRAIL 0.0225 MIP1b 0.006904
TARC 0.02391 TARC 0.04528 SDF1b 0.02683
TGFp1 0.02683 TNFRII 0.03003
SDF1b 0.04166 ITAC 0.03742
Eotaxin-2 0.0463 MIG 0.04166
IL2R 0.04627

IL16 0.0463

In addition to the univariate analyses as described above, multivariate analysis was implemented.
5 The cross validation strategy was applied by randomly selecting 2/3 of patients as the training
data set and 1/3 of patients as the test data set. 1500 times of simulations were then run with 4

methods described below:

Method 1. Select best single variable

Method 2. Select up to 2 best variables for Multivariate Logistic Regression Model
10 Method 3. Select the best 2 variables for Support Vector Machine (SVM)

Method 4. Select the best 5 variables for Random Forest.

The performance of these four methods including the frequency of being selected as an
important variable using each method with 1500 times of simulations, their training error rates,

15 and testing error rates were reported in Figure 6. IP10 and MIG both were selected as important
variables with more than 40% out of 1500 times of simulations using Multivariate Logistic
Regression, SVM and Random Forest methods. Multiple Logistic Regression method appeared
to perform better than the other three methods by resulting in a training error rate of 19% and a
testing error rate of 39%. All multivariate analyses were implemented in the program R, as

20  described in Gentleman, R. et al. eds, Bioinformatics and Computational Biology Solutions

Using R and Bioconductor, 2005, Springer, New York.

Multivariate analyses allowed the construction of a multivariate logistic regression equation that

can be used to predict the likelihood that a HCV-1 or HCV-4 infected patient would achieve
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SVR to Triple Therapy treatnment, and whereas a SVR score that is |less than

0.5 would indicate that the patient will not achieve SVR to such treatnent.
WO 2011/ 067195PCT/ EP2010/ 068370 -25- Cains 1. A nethod for predicting that
a human subject infected with Hepatitis C Virus CGenotype 1 (HCV-1) or

Hepatitis C Virus Genotype 4 (HCV-4) will achieve Sustained Virologic
5Response (SVR) to treatnment with interferon, ribavirin and a HCV NS5B
pol ymer ase i nhibitor conprising: (Oproviding a sanple from said subject
prior to said treatnent (pre-treatnent),



(i1) determning the expression |level in said sanple of at |east one
protein selected fromthe group consisting of CD30, MG TARC, TGl 31,
SDF1b, amsiOoBotizner1®s52, 10and (iii) conparing the expressipom/Hremelosssio t he at
| east one protein in said sanple to a reference val ue representative of an
expression |level of the at |east one pEbtein derived from pre-treatnent
sanples of a patient population that did not achieve SVR to said treatnent;
15wherein a statistically significant higher expression |level of the at

| east one protein in said sanple is indicative that said subject wll
achieve SVR to said treatnent. 2.The (idtMbd of claim 1 wherein the
expression |evel of at |east two proteins is determ ned. 20 3.The nethod of
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i nterferon, gaw rin and a HCV NS5B pol ymerase inhibitor conprising:
(Opr ovi di ngl%lh1 P8P PB#E sai d subject follow ng one week of said treatment
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sanples in a patient population that did not achieve SVR to said treatnent;
(i)  comparing the expression level of the at least one protein in said sample to a

reference value representative of an expression level of the at least one protein
derived from pre-treatment samples of a patient population that did not achieve
SVR to said treatment;

15 wherein a statistically significant higher expression level of the at least one protein in

said sample is indicative that said subject will achieve SVR to said treatment.

2. The method of claim 1 wherein the expression level of at least two proteins is determined.
20 3. The method of claim 1 or 2 wherein the expression level of at least three proteins is
determined.
4. A method for predicting that a human subject infected with Hepatitis C Virus Genotype 1

(HCV-1) or Hepatitis C Virus Genotype 4 (HCV-4) will achieve Sustained Virologic
25 Response (SVR) to treatment with interferon, ribavirin and a HCV NS5B polymerase
inhibitor comprising:
(1) providing a sample from said subject following one week of said treatment (one-
week post treatment),
(i)  determining the expression level in said sample of at least one protein selected
30 from the group consisting of CD30, TRAIL, and TARC, and
(i)  comparing the expression level of the at least one protein in said sample to a

reference value representative of an expression level of the at least one protein



wherein a statistically significant higher expression |evel of the at |east
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protein between the 25pr.e-treatnment sanple from said, subject and the
he- viedk ot P U IA BT S P B1R R Sanf e S ALEY Khiot BABEPT Hg sai o
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oDl 3,501 R Sl R LIRS RSN R R SR
expressi on I(Heal-1pér Hé@tiet Ceiasd Genotype 4 (HCV-4) will achieve Sustained Virologic

Response (SVR) to treatment with interferon, ribavirin and a HCV NS5B polymerase

inhibitor comprising:

15 (1) providing a sample from said subject prior to said treatment (pre-treatment),

(i)  determining the expression level in said sample of at least one protein selected
from the group consisting of HCC4, MIP1b, SDF1b, TNFRII, ITAC, MIG, IL2R,
and IL16,

(i)  providing a sample from said subject following one week of said treatment (one-

20 week post treatment),

(iv)  determining the expression level in said sample of at least one protein selected
from the group consisting of HCC-4, MIP1b, SDF1b, TNFRII, ITAC, MIG, IL2R,
and IL16,

(V) determining a differential expression level of the at least one protein between the

25 pre-treatment sample from said subject and the one-week post treatment sample
from said subject, and

(vi)  comparing said differential expression level of the at least one protein to a
reference value representative of a differential expression level of the at least one
protein derived from pre-treatment samples and one-week post treatment samples

30 in a patient population that did not achieve SVR to said treatment;
wherein a statistically significant change in the differential expression level of the at least

one protein is indicative that said subject will achieve SVR to said treatment.



one protein is indicative that said subject will achieve SVR to said
treatment. WO 2011/ 067195PCT/ EP2010/ 068370 -27- 8. The method of claim?7
wher ei n twe 2ditfdeervent i al expressi on | evel of at |east tROTMPRMIGIOHETI S
determned. 9. The nethod of claim7 or 8 wherein the differential
expression |level of at |east three 5pr-dfeins is determ ned. 10. A nethod
for predicting that a human subject infected with Hepatitis C Virus
Genotyse 1 (THeVYndthodsf dtdpat wheRinGhYdifseitRNoipre®ioch 16HTYT 4) leavt blvo BRIMIAYVE
Sust ai ned Virol ogi ¢ Response (SVR) to treatnment with interferon, ribavirin
and a HCV NISBM&IC¢mer ase 10i nhi bitor conprising: (Oproviding a sanple from
said subject prior to said treatnent (pre-treatnent), (ii)determning the
expression level in picograns per milliliter in said sanple of IP 1 O,

CD30, PGFl 3ThamkthMdf daich Lot § vherein thh diféqer@ial oxpreS\R Iscdéatdcadd Thrde 1.1 X
log2 IP 10 + 3,1 x 1092 0 +1.4x1log2 TGFI31 + 0.5 x log 2 MG
15wher ei n a PEVIRING dgfete ‘is greater than or equal to 0.5 is indicative
that the subject will achieve SVRto said treatnment, and wherein a SVR
score that is less than 0.5 is indicative that the subject will not achieve
SVR t o 19ai d A mettoddeit predicting that a human subject infected with Hepatitis C Virus Genotype 1

(HCV-1) or Hepatitis C Virus Genotype 4 (HCV-4) will achieve Sustained Virologic
Response (SVR) to treatment with interferon, ribavirin and a HCV NS5B polymerase
10 inhibitor comprising:
(1) providing a sample from said subject prior to said treatment (pre-treatment),
(i)  determining the expression level in picograms per milliliter in said sample of IP10,
CD30, TGFB1 and MIG, and utilizing the equation: SVR score =-47.4 — 1.1 x log,
IP10 + 3.1 x log, CD30 + 1.4 x log, TGFB1 + 0.5 x log » MIG,
15 wherein a SVR score that is greater than or equal to 0.5 is indicative that the subject will
achicve SVR to said treatment, and wherein a SVR score that is less than 0.5 is indicative

that the subject will not achieve SVR to said treatment.



