COMBINATION OF HCV NS3 PROTEASE INHIBITOR WITH INTERFERON AND RIBAVIRIN This
application claims the benefit of prior U.S. Provisional Applications: 61/097,753 filed  September 17,
2008, 61/109,033 filed October 28, 2008 and 61/171,935 filed April 23, 52009. TECHNICAL HELD OF
THE INVEN¥WIONITBEHEesent invention relates to therapeutic combinatidés 85a#I8HG Compound (1)
as herein described, an interferon alfa and ribavirin. The present invention also relates to 10methods
of using such therapeutic combinations for treating HCV infection or alleviating one or more symptoms
thereof in a patient. The present invention also provides kits comprising the therapeutic combinations
of the presegtdmMeRiian oBACK @ROLINE: QE THEINVENTON hidepalitisf Wis (hGY) infection is a
global human health problem with approximately 150,000 new reported cases each year in the United
States alone, HCV is a single stranded RNA virus, which is the etiological agent identified in most
cases of non-A, non-B post-transfusion and post-transplant hepatitis and is a common cause of acute
sporadic hepatitibhik 4spistimaddthatarhorelitidn 5094 bfatientsinfatted withb WGV BBt 6e chronically
infected and 20%.pf.thase deyeloreiihosisiplthedivewithiny 20ear5: Several fypgesf interferons, in
particular, aIZa—in,)tﬁ(i erons are approved for the treatment of chronic LICV, e.q., interferon-alfa-2a
(ROFEROW-A), intérferon-alfa-2b (INTRON41)- A), consensus interferon (INFERGEN(r)), as well as
pegylated forms of these and other interferons like pegylated interferon alla-2a (PEGASYSM and
pegylated interferon alfa2b (PEG-INTROMD). Most patients are unresponsive to interferon-alfa
treatment, howeVEFLIARY & ERE-th&Yadpo RdEEYTHAM is a high recurrence rate within 6 months after
cessation of treatingmenamgeetal el edhbipivil0:69b1893) cwheisiugédirpecombination with

interferon-alfas (366 SGorfRoY Ntk Skahn LANGE 3021442651432, 908k Relchatghel 4., Lancet
351:83-87, 1998), and this combination therapy has been a%oved for the treatment of WV:

REBETROI\li‘bD?}ﬁ"}éﬁ%chHsgfﬁai‘fll)“bqifé"?’fﬁ&\?ﬁiﬁ}?iga&ﬁ’é?iﬁ’gj- ﬁ@ﬁi?ﬁé@ﬂ@?§ﬁ'ﬁ%@"@?@“@pegylmed
interferon alfa-2aplusmitaviinpboe hbirdion thenapyhRoche) iseetalisadMamnsiatials Lancet

358:958-965 (Zoﬂﬁlﬁﬂﬂfﬂgqq&_%ﬁéuti%%glbi}!mﬁaﬂgEf“rﬂ@‘ﬂra%é?tﬁ%@ﬁgﬁg- However, even with this

combination therapy the virologic response rate is still at or below 50%. Furthermore, there are
significant side-effects typically associated with such therapies. 10Ribavirin suffers from disadvantages
that include teratbg€eRIGRGNNLY ORtEHE rendeNvithhsperm development, haemolysis, fatigue, headache,

insomnia, nauseg andior-anorex|a-aLieran Al kit ALWIneML HRAVING; is assogiated with many

side effects. Duglga treatment, patients must be monitored carefully for flu-like'Symptoms, depression,
rashes and abndrtHAPBREETERIITE S Patferts tre tdbrWithahidreral i ob priaraaviffethould 15not
have complicaticrrs/of seriouslivemdysfunctionand auahislbjects aresenhoeonsideregddfor treatment of

hepatitis C in careful I ' studie rl‘in i ! fg -containi o ination.therapies for
treating FICV inf@#ﬁ%gﬁ%ﬁ@ %é%ﬂgé%% %‘%ﬁig?soﬁ OJPW% g {%@8 g{éﬁi‘égﬁt pcp(lii)gc@' g’é‘r%%)u b %%[t%)ns: us
2005/0112093; Wssseivnps/dtogesdhand St 2e08y0 188396 Wit HCV become chronically

20 infected and 20% of those develop cirrthosis of the liver within 20 vears.

Several types of interferons, in particular, alfa-interferons are approved for the treatment of
chronic HCV, e.g., interferon-alfa-2a (ROFERON®- A}, interferon-alfa-2b (INTRON®-
A}, consensus interferon (INFERGEN®), as well as pegylated forms of these and other

25 interferons like pegylated interferon alfa-2a (PEGASYS®) and pegylated interferon alfa-
2b (PEG-INTRON®). Most patients are unresponsive to interferon-alfa treatment,
however, and among the responders, there is a high recurrence rate within 6 months after

cessation of treatment (Liang et al., J. Med Virol 40:69, 1693).

3¢ Ribavirin, a guanosine analog with broad specirum activity against many RNA and DNA

viruses, has been shown in chinical wrials to be effective against chronic HCV infection



The following Compound (1): Q--"<HO >L1A QYNH CA (1) 5is known as a selective and potent
inhibitor of the HCV NS3 serine protease and useful in the treatment of HCV infection. Compound (1)
falls within the scope of the acyclic peptide series of I'ICV inhibitors disclosed in U.S. Patents
6,323,180, WY HE334thY 7,585,845. Compound (1) is disclosed specificfyf A5 WeHIPOTHd # 1055 in
U.S. Patent 7,585,845, and as Compound # 1008 in U.S. Patent 7,514,557. Compound (1), and to
pharmaceutical formulations thereof, can be prepared according to the general procedures found in
the above-cited references, all of which are herein incorporated by reference in their entirety. Preferred
forms of Compound (1) include the crystalline forms, in particular the crystalline sodium salt form,
which can be prepared as described in the examples section herein. Compound (I) may also be known

bst/) the Lollowﬁ dia,kt@m@&@ i%la'ﬁﬂﬁgs@ﬁjﬁg%ﬁi&%ﬁmg&g@,g@hi@%yizd?%mi}:gﬁm gbgmzs- mh
above-described structure:  H wherein B is VieQ; r,an is. Althqu ompoun as
been found gené%@%ﬁé&%ﬁ?ﬁﬂ%ﬁé%& ﬁ'&fﬁﬁé%’;g%%?IJ)%%)S&?H%}?%CW%%%%%%?g%g%fection, a
certain amount dkviradresistdrosenithtresudtiil Vir QLB b OB Ak Hasisdervselén2iF-pivexbimpia, we have

observed with CQ&B@%’H&JMP@@RQ?@@Q@W@QH@@Q&E@@Bkéiﬁ“f@n&@ﬁ%tﬁl@ssrmherapy for 14 days

a strong and ver ra}Ei antiviral affect followed by a certain amount of resistange foimation after 5-6
5 ombination therapy, Roche); see also Manns et al, Lance: 358:958-965 (2001} and Fried

days. §
et al., 2002, N. Engl. J. Med. 347:975-982. However, even with this combination therapy

the virologic response rate is still at or below 50%.

Furthermore, there are significant side-effects typically associated with such therapies.

16 Ribavirin suffers from disadvantages that include teratogenic activity, interference with
sperm development, haemolysis, fatigue, headache, insomniz, nausea and/or anorexia.
Interferon alfa, with or without ribavirin, is associated with many side effects. During
treatment, patients must be monitored carefully for fiu-like symptoms, depression, rashes
and abnormal blood counts. Patients treated with interferon alfa-2b plus ribavirin should

15 not have complications of serious liver dysfunction and such subjects are only considered

for treatment of hepatitis C in carefully monitored siudies.

Certain interferen-contaiming combination therapies for treating HCV infection are also
disclosed in the Toliowing U.S. Patent Application Publications; US 2005/0112093; US
20 2005/0129659; and US 2008/0138316.
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10Therefore, there is a continuing need in the field for alternative therapies for the treatment and
prevention of HCV infection. BRIEF SUMMARY 15 The present disclosure provides a method of
treating HCV infection or alleviating one or more symptoms thereof in a patient comprising the step of
administerinty @o2¢ih&63&t#ént a therapeutic combination comprising a ComBélii#3aP4sédéfined herein,
or a pharmaceutically acceptable salt thereof, together with an interferon alfa and ribavirin, as
20defined herein. The three actives of the combination can be administered simultaneously or
separately, as part of a regimen. In a first aspect, there is provided the use of the combination of: (a) a
compound of the following formula (1) or a pharmaceutically acceptable salt thereof: (b) interferon
alpha; and 5(c)ribavirin for the manufacture of a medicament for the treatment of hepatitis C viral
(HCV) genotype-fyinfartion.aralsyiading.one or more symptoms thereof The present disclosure
further provides for a kit comprising a first phalinaceutical composition comprising a Compound (1) or
a pharmaceutically acceptable salt thereof; a second pharmaceutical composition comprising an
interferon alfa; and a third pharmaceutical composition comprisisgribavirin. In a second aspect, there
is provided a kit comprising: (a) a first pharmaceutical coamositigg.comprising a compound of the
following formula (1) or a pharmaceuticg|| £ ot NH (2)

O
S

5 is known as z selective and potent inhibitor of the HCOV NS3 serine protease and useful in
the treatment of HCV infection. Compound (1) falls within the scope of the acyclic
peptide series of HCV inhibitors disclosed in 11.5. Patents 6,323,180, 7,514,557 and
7,585,845, Compound {1} is disclosed specifically as Compound # 1055 in U.5. Patent
7,585,845, and as Compound # 1008 in U.S. Patent 7,514,557, Compound (1}, and

16 pharmaceutical formulations thereof, can be prepared according to the general procedures
found in the above-cited references, all of which are herein incorporated by reference in
their entirety. Preferred forms of Compound (1) include the crystalline forms, in particular
the crystalline sedivm salt form, which can be prepared as described in the examples

section herein.

Compound (1} may aiso be known by the following alternate depiction of its chemical

structare, which is equivalent o the above-described structure:



(b) a second pharmaceutical composition comprising interferon alpha; and (v)a third pharmaceutical
.composition comprising ribavirin, wherein said kit is for use for the treatment of hepatitis C viral (HCV)
genotype | infection or for alleviating one or more symptoms thereof BRIEF DESCRIPTION OF THE
DRAWINGS Figure 1 depicts the average change in HCV viral load in four patient dose groups for
treatment-nave patients with chronic HCV genotype-1 infection treated with Compound (1) sodium salt
as monotherapy for 14 days, followed by combination therapy with Compound (1) sodium salt,
pegylated interferon alfa-2a.-and ribavirin for an additional 14 days. Figure 2 depicts the average
change in HCV viral load in three patient dose groups for 10treatng?1t -experienced patients with
chronic HCV genotype-1 infection treated with Compound (1) odium salt, pegylated interferon alfa-2a
and ribavirin as combination therapy for 28 d%ys BETAILED DESGRIPTION OF THE INVENTION 15

Definitions "Compound (1)" is as defined athove, 28 Int®derefimeans a member of a family of highly
homologous species-specific proteins that inhibi repligation and cellular proliferation and
modulate immune response. Human interferons wped into three classes based on their cellular
origin and antigenicity: a-interferon (leuko 3- mteeron (fibroblasts) and y-interferon (B cells).

Recombinant forms of each group have beehjdevelopes and are commermally available. 25Subtypes
in each group are based on anti nic/st ctu Isti
into subtypes A through H) havigg s have been identified by isolating and
sequencing DNA encoding these pepti desH he M "alfa-interferon™ and "interferon
alfa" are used interchangeably in this appllcatloﬁt & embers of this group. Both naturally
occurring and recombinant alfa-interferons, including cori8ensigs interferon, may be used in the
practice of the invention. 5Suitable interferon-alfas for the present invention include, but are not limited

to, recombinant interferon ajfa-2b such as IN IRONOO-A interferon nd VIRAFERON(r): recombinant
interferon alfa-2a such as ROEERON(r) interferon; recombinarit-j on alfa-2c such as
BEROFOR(r) erf m @rf If -nl puri b end*ﬂ)f natural alfa interferons such as
SUMIFERON‘(%‘ Il_SI_FERO’ eﬁ?nﬁ% afa Cﬁ? i

Although Compound (1) has been found gencrally effective in the reduction of viral load

5 and the treatment of HCV infection, a certain amount of viral resistance with resulting viral
rebound has been seen. For example, we have observed with Compound (1) given once-
daily to treatment-najve patients as monotherapy for 14 days a strong and very rapid

antiviral affect followed by a certain amount of resistance formation after 5-6 days.

10 Therefore, there is a continuing need in the field for alternative therapies for the treatment

and prevention of HCV infection.

BRIEF SUMMARY
15
The present disclosure provides a method of treating HCV infection or alleviating one or
more symptoms thereof in a patient comprising the step of administering to the patient a
therapeutic combination comprising a Compound (1} as defined herein, or a
pharmaceutically acceptable salt thereof, together with an interferon alfa and ribavirin, as
20  defined herein. The three actives of the combination can be administered simultaneously

or separately, as part of a regimen.



O(INS); or a consensus alfa interferon such as those described in U.S. Pat. Nos. 4,897,471 and
4,695,623; or interferon alfa-n3, a mixture of natural alfa interferons such as ALFERON(r). The use of
interferon alfa-2a or alfa 2b is preferred. The manufacture of interferon alfa 2b is described in U.S. Pat.
No. 4,530,901, 15The ten "interferon alfa" is further intended to include those "pegylatecl" analogs
meaning polyethylene glycol modified conjugates of interferon alfa, preferably interferon alfa-2a and
-2b. The preferred polyethylene-glycol-interferon alfa-2b conjugate is PEG12000 - interferon alfa 2b.
The term "PEG:km-TEN alfa" as used herein means conjugates such as are prepared according to the
methods of |iterfiatiosEich ppticstionvied WO95H Begomlridafioncdntaining urethane linkages between
the interferon glfa-2a g INQOIRSANERA e Ihvians shveal ANk aRrAVaLagR malecular weight
of 12000. The preferred PEGimoo-interferon alfa-2b is prepared by attaching a PEG polymer to the
epsilon amino group of a lysine residue in the IF) alfa-2b molecule. A single PEGiz000 25 molecule is
conjugated to free amino groups on ary fa- olecule via a urethane linkage. This conjugate is
characterized by the nolec far weight | 2000 attached. The PEG12000-IFN alfa-2b conjugate
is formulated as a lyophitjZedNpowder forinjection. The objective of conjugation of 'EN alfa with PEG is
to improve the delivery o in by significantly prolonging its plasma half-life, and thereby
provide protracted activity of IFNJ30alla. Especially preferred conjugates of interferon alfa that may be

q, al

pegylated interferon alfa2b, pegyl
product. Pegylated interferon alfa- ribed, e.g., in European Patent No. EP 0 593 868 and 5
commercially-available, e.g., ynder PEGASYS(r) (floffmann-La Roche). Pegylated
interferon alfa-2b is described ., JAU.S. Paterg No. 5,908,621 and WO 98/48840 and
commercially-available, e.g., undef the fradenamfe PEG-IN IRON(r) A (Schering Plough). Pegylated
consensus interferon is desasibed- ¥ WO 96/11953. The preferred pegylated alla interferons are
pegylated interferon alfa-2a and pegylated icinterferon alfa-2b. Also preferred is pegylated consensus
interferon. The term "int ralfa” further includes other interferon alfa conjugates that can be

prepared by coupling a feron alfa toygwater-soluble polymer. A non-limiting list of such polymers
includes other polyalkylere0xide homopolymers such:as polyethylene 15glycol (PEG), polypropylene
glycols, poIyoegethy]%gfg&ggj}{glingopoIymers thereof and block copolymers thereof, As an
alternative to polyalkylene oxide-based polymers, effectively non-antigenic materials such as dextran,
polyvinylpyrrdfitione&bpifacrylamides, polyvinyl alcohols, carbohydrate-based polymers and the like
can be used. Sugh inierferon-alfa-pelyrpeeaadbiubaiestarideseringd i w5 (HRaY) Neody#66,106, 20
U.S. Pat, No,.4,917,888, European Patent Applicati 0 236 987, European Patent Application
Nos. 0510 35%1,1‘r ??Jfé&"’é%ée‘é{%aq X:10 5@8?65‘%%’%%%%% eron alla-2a) and International Publication
No, WO 95/13090. The term "interferon alfa" further includes fusion proteins of an interferon alfa, for
25example fusion proteins of interferon-a-2a, interferon- a-2b, consensus interferon or purified
interferon-a product, each of which is fused with another protein. Certain preferred fusion proteins
comprise an interferon (e.g., interferon-a-2b) and an albumin as described in U.S. Patent 6,972,322
and international publications W02005/003296 and W02005/077042. A preferred interferon conjugated
to a human albumin is
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30 ALBUFERON(r) which is a longer-acting form of interferon alfa created using albumin fusion
technology. ALBUFERONCO( results from the genetic fusion of human albumin and interferon alpha.
Also included are consensus interferons, such as INI-7ERGEN(r). The term "pharmaceutically
acceptable salt" means a salt of a Compound of formula (1) 5which is, within the scope of sound
medical judgment, suitable for use in coMact with the tissues of humans and lower animals without
undue toxicity, irritation, allergic response, and the like, commensurate with a reasonable benefit/risk
ratio, generally water or oil-soluble or dispersible, and effective for their intended use. 10 The term
includes phafthapeeriatsdosersdtd ottt dor Sais caveppisiraabEl RbANRAsEsEble base
addition salts, List i - in Qe R [ aPbp. 1-19.
e term Bl B e rer Loine
biological effectivehpssmaccptispeetiawositinn remprasas aninivHienmrincsicdyidally or otherwise
undesirable, %gyggc@aglép%g@é?ﬁg&d&m%% hydieghloric acid, hydrobromic acid, sulfuric acid,
sulfamic acid, nitric acid, phosphoric acid, and the like, and organic acids such as acetic acid,
trifluoroatetic acid, adipic acid, ascorbic acid, aspartic acid, benzenesulfonic acid, benzoic acid, butyric

acid, camphaqyic, agid, %%E@Eq%%qmmq, CIBNaRiGAGI: citric acid, digluconic acid,

ethanesulfonic acid, glutamic acid, glycolic acid, glycerophosphoric acid, hemisulfic acid, hexanoic
acid, foimic a@it, fur&ri RhsianapeiersaraRtHER SO B F{TERRHIGAE Bt ) i forenyle (1)
hydroxymaleig aeich-mabic:Reid: a3l agidheagyidelic acid, mesitylenesulfonic acid, methanesulfonic
acid, naphthalenesulfonic acid, nicotinic acid, 2-naphthalenesulfonic acid, oxalic acid, pamoic acid,
pectinic acid, phenylacetic acid, 3-phenylpropionlc acid, pivalic acid, propionic acid, pyruvic acid,
salicylic acid, stearic acid, syjccinic aci

undecanoic acid, angigthe like. The té
those salts which retain 3 offe)[vy
not biologically or otherwise uadesipable, formed with inorganic bases such as ammonia or hydroxide,

~Stfanil) id, tartaric acid, p-toluenesulfonic acid,
rm /% afaceutically-acceptable base addition salt" means

magnesium, iron, zinc, copper, n@g@nganese, aluminum, and the like. Particularly preferred are the
ammonium, potassium, sodium, cgtcitq, and{ma ium salts. Salts derived from

i ses include salts 50f primary, secondary, and
stituted amines including naturally occurring
substituted amines, cyclic ami a asic ion-gxchange resins, such as methylamine,
dimethylamine, trimethylamine, et ylamcfne, dietMylamine, triethylamine, isopropylamine,
tripropylamine, tributylamine egthaf¥8lamine, diethanolamine, 2-dimethylaminoethanol,
2-diethylaminoethanol, dicyclohpxylamine, lysine, arginine, histidine, caffeine, hydrabamine, choline,
betaine, ethylenediamine/glyedsanaine, methylglucamine, theobrotnine, purines, piperazine,
piperidine, N- ethylpipe , tetramethyl@pmonium compounds, tetraethylanunonium compounds,
pyridine, N,N-dimethylanttifie, N-methylpiperidine, N-methylmorpholine, dicyclohexylamine,
dibenzylgmine, N,N-dibenzylphenethylamine, 1-ephenamine, N,NI-

(b) - asecond pharmaceutical composition comprising interferon alpha; and

(c) a third pharmaceutical composition comprising ribavirin,

wherein said kit is for use for the treatment of hepatitis C viral (HCV) genotype 1 infection or for
alleviating one or more symptoms thereof.

15



15dibenzylethylenediamine, polyamine resins, and the like. Particularly preferred organic nontoxic
bases are isopropylamine, diethylamine, ethanolamine, trimethylamine, dicyclohexylamine, choline,
and caffeine, "Ribavirin" refers to 1-13-D-riboluranosy1-1H-1,2,4-triazole-3-carboxamide, available
from 20 ICN Pharmaceuticals, Inc., Costa Mesa, Calif and is described in the Merck Index, compound
No. 8199, Eleventh Edition. Its manufacture and formulation is described in U.S. Pat. No. 4,211,771.
Preferred marketed ribavirin products include REBETOLO and COPEGUSaD. The term further
includes derivatives or analogs thereof, such as those described in U.S. Pat Nos, 6,063,772,
6,403,564 ardRe X DBSCRIBL Exbirkbiel BBV 4YE8r analogs include modified ribavirins such as
5'-amino esters, ICN Pharmaceuticals L- enantiomer of ribavirin (ICN 17261), 2'-deoxy derivatives of
ribavirin and 3- carboxamidine derivatives of ribavirin, viramidine (previously known as ribat dine) and
the like. 30 Thigueerh dapéstssbanrassishenisin 3OS edrpdass i BaRPaEBhNHREENDT Blie or more

active drug SyDSIAGES ik HSAERONRASHRKAG R eraRRyic Llibedbunicalby saehcisposampound

in the therapeutic combinations of the present invention will be present in a pharmaceutical ,
composifion ¢brapdisimgseizascoanedimaparfara piasmdelaned hyraprgietdisiarymhE compounds in
a therapeut ﬂ?&i@ 9&&%%&1%95@5?\5%@%%&%@@1@@@ Risteles s dianeuskicarseparately,
as part of a regimen. 5 Embodiments of the Invention According to a general embodiment, the present
invention prodidés for a method of 10treating 1-ICV infection or alleviating one or more symptoms
thereof in a patient comprising the step of administering to the patient a therapeutic combination
comprising a Compound (1) as defined herein, or a pharmaceutically acceptable salt thereof, together

with an interfEiswraalepigtsmanarage shonssredbodiiahiorddiiuse el desh EAHEShe use of a
Compoypd (Hasefinedherriny pra-phaimacsisalicascepiabie salttsiaohariniprieron alfa, and -

ribavirin for the preparation of a pharmaceutical kit to treat a hepatitis C viral (HCV) infection or
alleviating onSorpasnd §)haptbws sHerpes g EereranRdigR B9 EoRTBIRATRO BRIEEN s expected
to be effectivglglg@' %Iailgl—(@ys_genotypes, it has been demonstrated to be particularly effective in
treating HCV genotype 1 inféction, including subgenotypes la and Ib. The patient population to be
treated with the combination therapy of the present invention can be further classified into

“treatment-nayp Rafien D Ege MPSEGIRUSHMRORAMENTRIGRCeived any prior treatment for HCV

infection and "treatment experienced" patients, i.e, those patients who have undergone prior treatment
for HCVL Either of these classes of 25patients may be treated with the combination therapy of the
present inve o ticular class of patients that are preferably treated are those treatment

experienced patients that have unéi 0 rior interferon plus ribavirin therapy but are
non-responsiv@fﬁ’gﬁ}rﬁ@f&a@% ?gﬁyr%rgyr%sponders“). Such non-responders include three distinct

groups of patients: (1) those who experienced < Ix log10 imum reduction in HC\. RNA levels
SodringRcat TR TRGHS b SR LT (T FESDST IR o) (SR SH oGRS = i
logio maximuiRateakitHon il HENcRNA develd iduringdidatientawmdtimodulate immune response.
Human interferons are grouped into three classes based on their cellular origin and
antigenicity: o-interferon (leukocytes), B-interferon (fibroblasts) and y-interferon (B cells).
Recombinant forms of each group have been developed and are commercially available.
25  Subtypes in each group are based on antigenic/structural characteristics. At least 24
interferon alfas (grouped into subtypes A through H) having distinct amino acid sequences
have been identified by isolating and sequencing DNA encoding these peptides. The terms

"y -interferon”, "alfa-interferon” and "interferon alfa" are used interchangeably in this

-5a-



interferon plus ribavirin but never achieve [ICV RNA levels below level of detection ("partial
responders"”), and (3) those who achieved a virologic response with and during interferon plus ribavirin
therapy but had a viral load rebound either during treatment (other than due to patient
non-complidiee) Y i@teBtreatment has completed (“relapser”). As will SHEHERHEGHEGW, particularly
surprising results have been obtained with the treatment of certain non-responder patients using the
combination therapy regimen of the present invention. According to an alternative embodiment, the
present invention provides a method of 10 reducing HCV-RNA levels in a patient in need thereof,
comprising the step of administering to said patient a therapeutic combination according to the present
invention. Preferably, the method of the present invention reduces the [ICV-RNA levels in a patient to

a less than detegiahladevel jEhsitermRshliessithantrtictabladerel andrhelow levehahgetection” are
used interchangezﬂ?l)é g?rein and have the same meaning a bein(gﬂ!letgs than a ]fS{hgetectable level of

ICV RNA. A defBttABfE A0 8 R R U T th & b esERTivention means at least 50
International Univ¢iUyper ml of serum of a patient as measured by quantitative, multi-cycle reverse
transcriptase PCR methodology according to the WHO international standard (Saladanha J, ",elle N

and Heath A, Establishment of the first international standard for nucleic ?{ciq?%mcplification technology

(NAT) assays for 6 e EIATWASO E S ABSF AL SHIYE S V8 LAY 76 {49-158, 1999). Such
methods are welkekmotnain thierfarenl nfa- Prefehred B onins nuittiameti od A THE PréSent invention

reduces the HCY:RNA \evelzdA-apalient Qless koamrRoRb RIS SEMieHERMars, preferably to
less than 10 IU per ml of serum. 35The usual duration of the treatment forg.taé{@%g interferon plus
t

ribavirin therapy 444 j¢5et #3WBEKS Y ME v GERSH P ihrdehshe And: AHEE Rieks for HCV
genotypes 2 anch3utdbsifeverismtnsthelagditli bSO ouRELL ot QNshararoautiéally acceptable salt
thereof, in the tripleGornbinAUANINAraRY.ALINERIFSE HlVRRIARAILTAY be ReRSIbie19-have a much

shorter duration of treatment. With the triple combjnation therapy of the 30present invention the
contemplated dLﬁ‘é‘ﬁ%ﬁg%@gﬁé‘é&iﬁ‘@ﬁ?ﬁ%ﬁ?@é‘%ﬁi@Hé't“ﬁs\%‘é%%’fa PURPABIT A 189t %2 weeks, e.g., from
about 12 weeks #0 aBRON2A Heeaks cAlthotgn tiéatmenilaRiosandeeneén Deyonth@8uwreeks is possible
as welt Thus, further.embadiments inelude treatment for afjegst 24 weeks and for at least 48 weeks.
The time period for different HCV genotypes, e.g. IICV genotypes 2,3 or 4 is expected to be similar.
Also contemplated is an initial treatment regimen with the triple combination therapy of the 5present
invention, faloweddyra continuaticn ofsdakpdhadmedesancplisdiBavidgytout enciombination therapy.
Thus, possible scenarios for the.initial.tripl Ihen inatian the ingluele, for example;
(1) woeks of e B e B ey Sl eia i plus ibavi
only therapy; (2)2¢ weeks sralsEwiphy ebrBirratioA e flfowedByes 1ol 86 weeks of the
interferon plus ribadireamy2therapynant:(3)2dmeaks af theitiiple:cambinatjon kherapy followed by
L2 10 24 weeks orS el SLon Al Rewn-anl eram. I sk gamaonay ol hedigrapeut
combination, namel§/, ompound (1) or a peharmaceutlca y accgf)ta e salt thereoflls comprised in a
compositiork0SucAE SO SItib ke sihprises duripaimer AlorLpRAANECHRER Pacceptable salt
thereof, and a pharpaseuticaliybpeceniable ativ vantallcarsigh dyaioad.pharmaceutical compositions
that may be used for Compound (1), or a pharmaceutically acceptable salt thereof, are as described in
U.S. Patent 7,585,845.

The preferred PEGso00-interferon alfa-2b is prepared by attaching a PEG polymer to the

epsilon amino group of a lysine residue in the IFN alfa-2b molecule. A single PEGi 2000

molecule is conjugated to free amino groups on an IFN alfa-2b molecule via a urethane

2
(¥

linkage. This conjugate is characterized by the molecular weight of PEG 3000 attached. The
PEG12000-IFN alfa-2b conjugate is formulated as a lyophilized powder for injection, The
objective of conjugation of IFN alfa with PEG is to improve the delivery of the protein by
significantly prolonging its plasma half-life, and thereby provide protracted acuvity of IFN

30 alfa,



70In general, the Compound (1) or a pharmaceutically acceptable salt thereof may be administered at
a dosage of at least 40 mg/day (in single or divided doses). Additional embodiments for dosage
amounts and ranges may indlude (in single or divided doses): (a) at least 48 mg/day (b) at least
100 mg/day ¥} &tiiEest420 mg/day (d) at least 200 mg/day (e) at least 220 iGFHAY ¥y &t least 360
mg/day (9) at least 480 mg/day 30(h) from about 40 mg/day to about 480 mg/day (i) from about
48 mg/day to about 240 mg/day (j) from about 100 mg/day to about 300 mg/day (k) from about 120
mg/day to about 300 mg/day (1) from about 120 mg/day to about 240 mg/day (m) from about 240
mg/day to about 480 mg/day 5(n) about 48 mg/day (o) about 120 mg/day (p) about 240 mg/day (q)
about 360 mg/day (r) about 480 mg/day 10 Although Compound (1) or a pharmaceutically acceptable

salt thereof may g adiiniziered fagingle of dividechdailiflosss nencs &dayAdepinisiatign of the daily

dose is preferred. As the skilled artisan will appreciate, however, lower or higher doses than those
recited above mAY BeSYEtrEl S ISERRR o af XAl HASTHERA KIS P FaRR a4 patient
15will depend upbnragréaiaty ebfastomgeifrctoding: thixad entibdliveight génerdlhbedithyvdiatus, sex,

diet, time of admipistrationrsata ol sxatelian, drug.compbipatiankdherseyerifyangd course of the
infection, the patient's dlSE)OSI'[IOh to the infection and the ju%%ment of the treatlﬂgagh sician. In

general, the EonfSGUPRAE AL YRS S5ty RArhIRFSTErERERE 4 CBACnFAtIEH BT Phenerally afford
antivirally effectiveg@sutisnwithoutd@atiinglescribed, e.g., in U.S. Patent No. 5,908,621 and WO

98/48840 and commercially-available, e.g., under the tradename PEG-INTRON® A
{Schering Plough). Pegvlated consensus interferon is described in WO 96/11933, The
preferred pegylated alfa interferons are pegylated interferon alfa-2a and pegylated

10 interferon alfa-2b. Also preferred is pegylated consensus interferon.

The term “interferon alfa” further includes other interferon alfa conjugates that can be
prepared by coupling an interferon alfa to a water-soluble polymer. A non-limiting list of
such polymers includes other polvalkylene oxide homopolymers such as polyethylene

15 giycol (PEG), polypropylene glycols, polyoxyethylenated potvols, copolymers thereof and
block copolymers thereof. As an alternative to polyaikylene oxide-based polymers,
effectively non-antigenic materials such as dextran, polyvinylpyrrolidones,
polyacrylamides, polyvinyl alcohols, carbohydrate-based polymers and the like can he
used. Such interferon alfa-polymer conjugates are described in U.8. Pal. No. 4,766,106,

20 U.S. Pat. No. 4,917,888, European Patent Application No. () 236 987, Furopean Patent
Application Nos, 051G 356, 0 593 868 and (0 809 996 (pegvlated interferon alfa-2a) and
International Publication No, W 95/13090.

The term “interferon alfa” further includes fusion proteins of an interferon alfa, for

]
[

example fusion proteins of interferon-¢-2a, interferon- ¢-2b, consensus interferon or
purified interferon-¢ product, each of which is fused with another protein. Certain
preferred fusion proteins comprise an interferon (e.g., interferon-a-2b) and an albumin as
described in U.S. Patent 6,972,322 and international publications W(O2005/003296 and
WO2005/077642. A preferred interferon conjugated to a human albumin is

30 ALBUFERON® which is a longer-acting form of interferon alfa created using albumin



20any harmful or deleterious side effects. The second component of the therapeutic combination,
namelyinterferon-alfa, is comprised in a pharmaceutical composition. Typically, such compositions are
injectible formulations comprising interferon-alfa and a pharmaceutically acceptable adjuvant or carrier
and are wel¥@3(if#A34é art, including in a number of marketed interferoPCatEso¢iaaions. See, e.g.,
the various marketed interferon-alfa products and various patent and other literature related to
interferon-alfa cited hereinabove. The types of interferon-alfas that may be used in the combination are
as outlined 30hereinabove in the definitions section. In one preferred embodiment, the interferon alfa
is a pegylated interferon alfa. In a further embodiment, the interferon alfa is a pegylated interferon
alfa-2a or pegylated interferon alfa-2b. In a particularly preferred embodiment, the interferon alfa is

PEGASYS (1) orREG L IBON (A1 Whemusino-knawh. Maketed interisranalia.nisgustsmeuch

products may be administered at their labeled dosage levels indicated for interferon plus ribavirin
combination ther‘gﬁy%%ﬂghﬁeﬁ‘ésﬁéﬂ?w%?&\?%‘ ST BT RARANHERHERE € ombination therapy
of the present invention it may be possible to use a lower dosage of interferon alfa, e.g., significantly
lower than is usedhieeuntsRbatariears htererbrrpilugisavirm ey GoprahifeotiBliveting the same or

better efficacy thamdhe cuirpninstandacd har@puanith;iess.sideui@alfecisusualiaasseciated with such
therapy. In one embod(i) ent, the i }erferon@a}‘l}fam be adminjstered. parenterally one to three times

per week, preferably ORCe. BRRRS S R A ftﬁ”rtgs‘b{élc t6 tﬁ)é‘bcﬁﬁ%itgﬂ‘%ﬁ‘f’é’rf%ﬁ%r %ﬁeﬁgf’?ﬁ%se are
typically administefebcdiieecpamgseigridtivertetelabieérhe didss: rangesreadly framm aiout 15 0.5 pg

lkglweek to aboytZgigisanyrekir, caserel-peoMates: intesfernalfa-2b, and with respect to pegylated
interferon alfa-2a the dosage is independent from the body weight of the host and is typically about 90

to 200 jig/week, more preferably about 160 to about 200 jig/week. In combination with ribavirin, a
standard do¥agelof payyhatedtinterfaroenatfal2 beis midusdd fidjiay vde kndntianstamdeatiydosage of

pegylated interfefonalfas2asis,alaut 180 20:RYMeelitegather With abeut 801200 pgfday, in
particular, 800-1200 mg/da of oral ribavirin. According to further embodiments, the pegylated

interferon alfa-218 W&y B& adthinitefed @ dosages of: (a) about 0.5 jig/kg/week to about 2 jig/kg/week:;
(b) about I pg/kg/week to about 2 jig/kg/week; (c) about 1.5 pg/kg/week to about 2 ug/kg/week; (d)

about 1.5 jig/kg/ ngi&%p"pharmaoeutically-acceptable acid addition salt" means those salts which retain

15 the biological effectiveness and properties of the free bases and which are not biologically
or ¢therwise undesirable, formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, sulfamic acid, nitric acid, phosphoric acid, and the like,
and organic acids such as acetic acid, trifluoroacetic acid, adipic acid, ascorbic acid,
aspartic acid, benzenesulfonic acid, benzoic acid, butyric acid, camphoric acid,

20 camphorsulfonic acid, cinnamic acid, citric acid, dighuconic acid, ethanesulfonic acid,
glutamic acid, glycolic acid, glycerophosphoric acid, hemisulfic acid, hexanoic acid,
formic acid, fumaric acid, 2-hydroxyethane-sulfonic acid (isethienic acid), Jactic acid,
hydroxymaleic acid, malic acid, malonic acid, mandelic acid, mesitylenesulfonic acid,
methanesulfonic acid, naphthalenesulfonic acid, nicotinic acid, 2-naphthaienesulfonic acid,

25 oxalic acid, pamoic acid, pectinic acid, phenylacetic acid, 3-phenylpropionic acid, pivalic
acid, propionic acid, pyruvic acid, salicylic acid, stearic acid, succinic acid, sulfanilic acid,

tartaric acid, p-toluenesulfonic acid, undecancic acid, and the like.
The term "pharmaceutically-acceptable base addition salt" means those salts which retain

30 the biolegical effectiveness and propertics of the free acids and which are not biologically

or otherwise undesirable, formed with inorganic bases such as ammonia or hydroxide,

8-



According to further embodiments, the pegylated interferon alfa-2a may be administered at dosages
of: (a) about 90 to about 200 pg/week; (b) about 160 to about 200 pg/week; (b) about 180 pg/week
The third component of the therapeutic combination, namely ribavirin, is comprised in a
pharmaceut® 8 @éBékiion. Typically, such compositions comprise ribaWifity B8/ Bitarmaceutically
acceptable adjuvant or carrier and are well known in the art, including in ina number of marketed
ribavirin formulations. Formulations comprising ribavirin are also disclosed, e.g., in US Patent
4,211,771. The types of ribavirin that may be used in the combination are as outlined hereinabove in
the definitions section. In one preferred embodiment, the ribavirin is either REBETOL(r) or Is
COPEGUSO and they may be administered at their labeled dosage levels indicated for interferon plus

ribavirin combin@&@mﬁ@r@w&ﬁs&hﬁé@m@ﬁW\Jﬂm@p&mna{cﬁ%rqs@.umtbota@ltﬁhple combination
therapy of the pre ent |n\{entlon it ma; e]%osslble to use a lower d sage o of I‘IE%}{II’ n, eg. lower than

is used the curren Standard inteterdh'p plus ?i&é‘%/ﬁrfﬁ’liﬁ‘érré“p?g%ﬁﬁ% lInverln’glf e same or better

efficacy than theP@ur?ehﬂsuaﬁ@aﬁﬁ the fap3nwithilospeitelaffesidiusaliyvas sodiarsarit such therapy.

According to varigi{s @Jﬁp@gi%ﬁ@1t§mtbl$aﬁi@@¥{ﬁhaama¥c%t§-dﬂt%ﬁ@ﬁ@gﬁkg&sﬁg%;ﬁglé% sipgle or
divided doses) é”) between 400 mg/day to about 1200 m Iglda%% tVﬁ/((f bout gOO mg/day to

about 1200 rhg/ )I;m(as‘rbest%%’éﬁréb {TOEY ATy HE R SEVALG)] ﬁBcL)‘uct 1000 mg/day (e)
about 1200 mg/dayd) betweamaboliy 300:mgidalstonaidout 880cngoany B8 (@)l betwesn about 300

mg/day to aboutem@daggé@gxs(méaed Weeh PRGN GdRY 12 ARRULRAG-MHRY o) Retyween 400 mg/day to

about 600 mg/da(liy 9} out 400 mg day
tetiiylamine, triethylaming, isopropylamine, fipropylamine, tributylamine, ethanolamine,

diethanolamine, 2-dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine,
10 lysine, arginine, histiding, caffeine, hvdrabamine, choline, betaine, ethylenediamine,
ghacosamine, methyiglucamine, theobromine, purines, piperazine, piperidine, N-
ethylpiperidine, tetramethylammonium compounds, tetracthylammoniom compounds,
pyridine, N,N-dimethylaniline, N-methyipiperidine, N-methylmorpholine,
dicyclohexylantne, dibenzylamine, N, N-dibenzylphenethylamine, I-ephenamine, N,N'-
15 dibenzyiethylenediamine, polyamine resins, and the like, Particularly preferred organic
nontoxic bases are isopropylamine, diethylamine, ethanolamine, trimethylamine,

dicyclohexylamine, choline, and caffeine,

"Ribavirin" refers to 1-§-D-ribofuranosyl-1H-1,2,4-triazole-3-carboxannde, available (rom
2¢  ICN Pharmaceuticals, Inc., Costa Mesa, Calif, and is described in the Merck Index,
compound No. 8199, Eleventh Edition, Its manufacture and formulation is described in
U.S. Pat. No. 4,211,771, Preferred marketed ribavirin products include REBETOL® and
COPEGUS®. The term further includes derivatives or analogs thereof, such as those
described in U.S, Pat, Nos, 6,003,772, 6,403,564 and 6,277,830, For exampie, derivatives

-2
in

or analogs include modified ribavirins such as '-amino esters, ICN Pharmaceutical's L-
enantiomer of ribavirin {ICN 17261), 2'-deoxy derivatives of ribavirin and 3-
carboxanidine derivatives of ribavirin, viramidine (previously known as ribamidine) and

the like.

3¢ 'The term "therapeutic combination" as used herein means a combination of one or more

active drug substances, 1.e., compounds having a therapeutic utility. Typically, each such

G-



(k) about 600 mg/day (I) about 800 mg/day 5 According to one embodiment, the ribavirin composition
comprises ribavirin in a formulation suitable for dosing once a day, twice daily, thrice daily, four times a
day, five times a day, or six times a day. For example, if a therapeutic combination comprises about
1000 mg/dayf §F8EYEHFibavirin, and a dosing of five times a day is desiféd /' tHeqGtherapeutic
combination will comprise ribavirin in a formulation, e.g., a tablet, containing, e.g., about 200 mg of
ribavirin. With respect to the Compound (1) or a pharmaceutically acceptable salt thereof plus
interferon alfa plus ribavirin triple combination therapy of the present invention, the Ispresent invention
contemplates and includes all combinations of the various preferred embodiments and
sub-embodiments as set forth hereinabove. For example, in one embodiment the present invention
contemplates a mﬁb@&@fﬂ@@ﬂﬁ@ﬁ@paﬂﬂﬁl@wﬂr@{s@ﬂ@wﬂaf@mm;@mﬁ%ma&ie@s@ﬂﬁm more
symptoms thereo{lln a L%atlent 20com ugnsn g%?nStSEr 9(1)‘ Hfitdorlr}]l3 ist rin lo] the Fntcgeth apeutic
combination conlljprlsmg {55'1 om ouna ((?59% harma utlcéjl?y a epta fe'salt at a dosage
between about 48 p&f aaymn@iam%@seem papteion ofdhppigsraterysateraronbalfa -2a at a
dosage of abouthgintaabnidhemahyeek pidopregyiates! interenon alfa -2b at a dosage of about
0.5 mg/kg/week to about 2 mg/kg/week; and (c) ribavirin at a dosage of between about 400 mg/day to
about 1200 mg/day In another embodiment the present invention contemplates a method of treating
hepatitis C viral (fICV) infection or alleviating one or more symptoms thereof in a patient comprising
the step of admirisiering-testhaweatientatherapeutic combination comprising: 5 (a) Compound (1) or a
pharmaceutically acceptable salt thereof at a dosage between about 48 mg per day and about 480 mg
per day; (b) pegylated interferon alfa -2a at a dosage of about 180 kg/week; and (c) ribavirin at a
dosage of betweéfcalioutd 8GONMY/ dayobadyouhd PO rayfdayon@ovides for a method of

10 treating HCV infection or alleviating one or more symptoms thereof in a patient

comprising the step of administering to the patient a therapeutic combination comprising a
Compound (1) as defined herein, or a pharmaceutically acceptable salt thereof, together
with an interferon alfa and ribavirin. In another embodiment, the present invention teaches
the use of a Compound (1) as defined herein, or a pharmaceutically acceptable salt thereof,
15 an interferon alfa, and ribavirin for the preparation of a pharmaceutical kit to treat a

hepatitis C viral (HCV} infection or alleviating one or more symptoms thereof in a patient.
Although this combination therapy is expected to be effective against all HCV genotypes,
it has been demonstrated to be particularly effective in treating HCV genotype 1 infection,

inclhuding subgenotypes 1a and Ib.

The patient population to be weated with the combination therapy of the present invention
can be further classified into “treatment-naive” patients, i.e., those patient who have not
recetved any prior treatment for HCV infection and “treatment experienced” patients, i.¢,
those patients who have vndergone prior treatment for HCV. Either of these classes of

25  patients may be treated with the combination therapy of the present invention. A particular
class of patients that are preferably treaied are those treatment experienced patients that
have undergone prior interferon plus ribavirin therapy but are non-responsive to said
therapy (herein “non-responders™). Such non-responders include three distinet groups of
patients: (1) those who experienced < 1x log; maximum reduction in HC'V RNA levels

3¢ during treatment with interferon plus ribavirin (“null responders”), (2) those who

experienced > 1x log;p maximum reduction in HCV RNA levels during treatment with

-10-



In another embodiment the present invention contemplates a method of treating hepatitis C viral (HCV)
infection or alleviating one or more symptoms thereof in a patient comprising the step of administering
to the patient a therapeutic combination comprising: 15(a) Compound (I) or a pharmaceutically
acceptable 34t #hBYeH4t a dosage between about 48 mg per day and aBédt 488 et day; (11)
pegylated interferon alfa -2b at a dosage of about 1.5 fig/kg/week; and (c) ribavirin at a dosage of
about 800 mg/day. 20 Further e hod ents include any o e above-mentioned embodiments, and where:
(a) the FICV infection is genotype 1 and the patient is a treatment-naive patient or (h) the HCV
infection is genotype 1 and the patient is a treatment-experienced patient who is non-responsive to a
combination therapy of interferon plus ribavirin, Further embodiments include any of the
above-mentioneg gmbadiments andyvhers: the:Gempouad .o anpharmageuticaliysacceptable salt
thereof is adminic‘}?ere once d@/ t eggﬁt?[rferc;}p alpha is administered once. %(Xvng k and the ribavirin
is administered tWice & &g@’,{’ " aas’}{a(b UC 12 WedkE Orat 18astahout 24 Weeks: { e{%erapeutically
effective amountoéGompbund(tirortepiammicdcuticalyadcelptanl eidgitdhere gtoncet &oday; 5(i) a
therapeut;catl)ly ?&ﬁ@&ﬂ\é@t@@]éﬂ@ﬁﬂf&i@&%{ﬁﬁﬁﬁ&ﬁlﬁﬁ%@?&@ﬁf&é&ﬁkb@ﬂﬁl&@ atharapauticalin eff_edctivi _
amount of ribavirin twice a day. According to another odiment, the present invention provides kits
for Use i trebting IRV RSP S ST THRERRE BT 6 SFS LR BN i Ui se any of the
10therapeutic combimativnsspfthe pregsntimeghtionnTheikitshfurthergowiprisbinsteitions for utilizing
the therapeutic cgmpinations. The kits may be tailored to the needs of classes or types of patients or
other clinically relevant factors such as age, body weight, concomitant diseases/conditions, severity
and stage of HCV infection, responsiveness or non-responsiveness to prior treatments, propensity for
side effects, etc.Ads ddiogrdingaicanothembrdbodintenbrehe presenin moeidton priwides a kit
comprising:, {a) %H&%ﬁgﬁﬁﬁm.%wl%lsqgrpp&%me FONPHRING B RmRoMRd &1 ),er a pharmaceutically

acceptable salt thereof: (b) a second pharmaceutical composition comprising interferon alfa; 20(c)a
third pharmaceufi3IE3BEGH SOHTBrsHEHEAAmaHA1Cn ccording (o the present invention.

Preferably, the method of the present invention reduces the IICV-RNA levels in a patient
t0 a less than detectable level. The terms “less than detectable level” and “below level of
detection™ are used interchangeably herein and have the same meaning as being less than a

15 detectable level of HCV RNA, A detectable level of HCV RNA as used in the present
invention means at least 50 International Units (IU) per ml of serum of a patient as
measured by quantitative, multi-cycle reverse transcriptase PCR methodology according to
the WHO international standard {Saladanha I, Lelie N and Heath A, Establishment of the
first international standard for nucleic acid amplificaiion technology (NAT) assays for

20  HCV RNA, WHO Collaborative Study Group. Vox Sang 76:149-158, 1999). Such
methods are well known in the art. In a preferred embodiment, the method of the present
invention reduces the HCV-RNA levels in a patient to Jess than 25 TU per mi of serum,

even more preferably to less than 10 IU per ml of serum.

=
L

The usual duration of the treatment for standard interferon plus ribavirin therapy is at least
48 weeks for HCV genotype 1 infection, and at least 24 weeks for HCV genotypes 2 and
3. However, with the addition of Compound (1), or a pharmaceutically acceptable salt
thereof, in the triple combination therapy of the present invention, it may be possibie o
have a much shorter duration of treatment. With the triple combination therapy of the

30 present invention the contemplated durations of treatment include at least 4 weeks,

preferably at least 12 weeks, e.g., from about 12 weeks to about 24 weeks, although

“11-



(d)instructions for utilizing the above compositions, Additionally, surprising results have been seen in
the suppression of TICV viral resistance during the combination therapy treatment contemplated by
the present invention. Dosing of Compound (1) (sodium salt) as a monotherapy resulted in a rapid viral
load reboun® thAH&4&t#34 days during treatment in a majority of the patiBhigtFeiafddse groups of
treatment-nave patients in whom viral load reductions were observed. In contrast, among the 19
treatment experienced patients who received Compound (1) (sodium salt) once daily (qd) doses of 48
mg (n=6), 120 mg (n=7), or 240 mg (n=6) in a combination with 30 pegylated interferon alfa 2a and
ribavirin (PeglFN/RBV) for 28 days, virologic rebound during the 28 day treatment was only observed
in 2/6 patients in the 48 mg dose group, and in 1/7 patients in the 120 mg dose group. Notably, no

rebound was seeRgueing;ihe fitst 28 claysdaghedeatmentexperianaad:desegrampiiatdeceived
Compound (1) (soc{ium salt %ﬁ% mlgk%g&(rj?atn}{enti com ina%i n wijth l?e IFN/RBV. 5Accordingly, in

. ce reat 1 at. weeks and for at least 48 weeks, time penad fo I
an additional em]%&lrlﬁgn?, ere’is limited orno emergen&e of viral résistance ‘during the combination

therapy of the prégemnirieRtionotres merelSesific waliotlinént ctheredgdimitédibr.ndlemergence of

HCV variants thal,gRe0RHIE Yo MR IRFOIGRSE ARG AcidUBSIUiansAtANgLHNaraof R155 and/or
{eient inyention. 0_Further embodiments

D168 and/or A156 during the compination therapy of th _ )
includlo any ot thE SEBVE LA O S Bat AN 2R ARe L URHEATOD OBk AHEEon 1o
genotype la and-th@patientigaaitrddmantaldvecpatientoothe ifhiattepld @M ihfactiohlis genotype la and

the patient is a treimeniseXReisnRadPAIe BEWHR I3 NAREESPANEIVE IR BnRimbinatnniherapy of
interferon plus 15ribavirin; and wherein there is limited or no emergence of variants that encode
substitutions at N&$BrofEase @it R S5 HErRG tHe REMBIKAN TR by of g didsent
invention. Furthehempediménisgiimchwde anylofihtbalidve ihentiond de mibodmrarits réadiwhere either:

(@) the HCV, infecligns - aenohiRe, Wy andhihe: RANEDE IS LGAIRERARIVE IRATIRNT 95 (Dhthe 1ICV

n
infection is genotype Ib and_the‘patient is a treatment-experienced patient who is hon-responsive to a

combination therSpRFoPiHe HEBT P BR BV 28y ierein there is limited or no emergence of the
variants that encode substitutions at NS3 protease amino acid D168 during the combination therapy of

the present inventign; 30, FXaMAIGS. Metheds.for RiGRfRgQmeaHiiilg Mgthods for preparing
amorphous Compound (1) ¢an be found in US Patents 6,323,180, 7,514,557 and 7,585,845, which are

herein incorporat@ By &R s R Kot RWRE B XS IBRIE T B 3WaE Hethtdsfor preparing
additional farms afrfzespouwsdtli}dhabmaydde U sed: ithihajocesenlyimeptioR. salt thereof, and a

pharmaceutically acceptable adjuvant or carrier. Typical pharimaceutical compositions that
may be used for Compound (1), or a pharmaceutically acceptable salt thereof, are as

described in 1.8, Patent 7,585,845,

2¢  In general, the Compound (1} or a pharmaceutically acceptable salt thereof may be
administered at a dosage of at least 40 mg/day (in single or divided doses). Additional
embodiments for dosage amounts and ranges may include (in single or divided doses):
(a) at least 48 mg/day
{h) at least 100 mg/day
25 {c) at least 120 mg/day
(d) at teast 200 mg/day
(e) atleast 240 mg/day
(f) at least 360 mg/day
{g) at least 480 mg/day
30 (h) from about 44 mg/day to about 480 mg/day
{i) from about 48 mg/day to about 240 mg/day

-12-



10 Example 1 - Preparation of Type A crystalline form of Compound (1) Amorphous Compound (1)
(Batch 7, 13.80g) was added to a 1000 ml three neck flask. Absolute ethanol (248.9g) was added to
the flask. While stirring, the contents of the flask 15were heated at 60 degrees C/hr to -74 degrees C.
(Solids do nBtiistRE4dE 74 degrees C). Water (257.4g) was then addedPiieBFRPENEE A hr to the
resulting slurry while stirring and maintaining the temperature at 74 degrees C. After the water addition
was complete, the temperature was reduced linearly to ambient temperature at 8 degrees C/hr and
then held at ambient temperature for 6 hrs while stirring, The resulting solids were collected by 20
filtration and washed with 50 ml of 1/1 (w/w) EtOH/Water. The wet solids were dried on the funnel for
30 minutes by sucking N2 through the cake. (XRPD analysis on this sample indicates that the pattern

is similar to the Et011 sglvaig)anie:selitsvers dhan fined.al05- 70 degrees C under vacuum (P = 25
in Hg) and a nitrogen bleed for 1.5 hr, The resulting solids (/IZ.Gg, 95.5 % corrected yield) were

confirmed by XRPD as by )8 K EBHESIRECL]. EXZH(SHE 2 - Preparation of e Sodium Salt of
Compound (1) - Method!1 fronPakogidEampdshousbsoditfmssfiepf Compound (1) and 8.90g of acetone
was added to a vial 30apd;iifrad.at-ambienttempsiaiung.fond hr. The slurry was filtered off mother
liquors and the resulting solids were dried for 20 minutes under nitrogen flow for 20 minutes. 1.51 g of
crystalline sodium salt é‘b‘ﬁ‘fpﬁ'édﬂ%f‘i‘rﬂ?ﬁ as solids was collected. Example 3 - Preparation of the
Sodium Salt of Compoundifbpt Methgde 5 15.6 g of Type A of Compound (1), 175 ml of acetone and
3.6 ml of water was addgd,i0,a 250, rgactor and heated to 53 degrees C to dissolve the solids, 900
ul of 10.0 N NaOH was added to reactor and the solution was seeded with Type A. The seeded
solution was stirred at 58 B8 B8#10 minutes. A second 900 ul portion of 10,0 N NaOl-l was 10
added and the system wasbstirdsd akhi83vdegrees C for 30 minutes over which a slurry developed. The
slurry was cqpled to 19 degrees C at a cooling rate of 15 degrees C per hour and held overnight at 19
degrees C. The final resulting slurry was filtered and the wet solids were washed with 15 m| of
acetone. Dried sOAdS 8} QoRPRPED! ey rore e Tl CatrriaRitr A Hitrsyena dn i Er €xposed
the solids to lab airsfarionedhodd Gallected dz-dglof Lenmpaunch(dl) weysiallinessodiisalt solids
e o oS Aap AL e, e dm, sl of compand (HNRIIG0 A 25 .G AL amrphous
Compound (1), 228 L of THE and 11.1 of 10 wt % NaOl-I (ag)20 was a o?e to a reactor. The
components werd’RkEgydtersiystedsTitgiaiasonid BirBHdde TR RN SoRIE PR filtered and
the reactor and filier wasnasihed withy 28 kcakl EudRQ the af SoveNkWas, remevedusings@tmospheric
distlation at 65 degrees, G 195 S MIRK: was added and 400 et selvent. was igmeyed by vacuum
distillation at - 44 J\égreés%. BT ot MIBK and 0.41 Rg of water was added back to the reactor and
the contents werePHBaf dbto Fiortayrée 83 s SipoT @ ispbtitideciysatiuhs wdraesasiere added at
70 degrees C anged#42 shofisatan wasradtedoverdd havsisiAftenthevateraddition the slurry was
held at 70 degrees C for 45 minutes and then.cogled, to 45 degrees.C over 1 hr. The resulting slurried
s iered and SICHAA A L AN B B B TEoh S R PHE A was dried at
55 degrees & to givearphiky dficeysusiine dddiam salt of Compound (1). Example 5 - Preparation of
the Sodium Salt of Compound (1) - Method 4 2.00 g of amorphous Compound (1), 9.96g of THE and
0.11 g of water W%S ad‘de‘g {0 a reactar an stirr(atd at ambient temperature to _(%ijc,so[ve solids. 0.820m1
of 21 weight% Na EY A ethanol was a?&ﬁdear %Pr%upi-(f/\ﬁ%ne1 WhitS s tiffing the Soiu ionatcl)‘sget solution A. 15.9
g 5 of n-BuAc andbe0sed af wwdtemprastiaddethrosiisechmi i actohantmsatett tocéBdebiees C
(solution B). 2.56gpbimeliaAiyasadded 0:RoltioniR aheR dearess.trand e sasulting mixture
was seeded with 40,mg of,Compeund (b sodium, galt seeds, The speded o smerteron-ai

25 \ g in a number of marketed interferon-alfa

formulations. See, e.g., the various marketed interferon-alfa products and various patent

and other literature related (o interferon-alfa cited hereinabove.

The types of interferon-alfas that may be used in the combination are as outlined
3¢ hereinabove in the definitions section. In one preferred embodiment, the interferon alfa is

a pegylated interferon alfa. In a further embodiment, the interferon alfa is a pegylated
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mixture was aged at 65 degrees C for 45 minutes. 2.56 g of Solution B was added to Solution A and
aged for 45 minutes in four separate intervals. After the final addition and aging, the slurry was cooled
to 50 degrees C over 1 hour and filtered. The wet cake was washed with 6 ml of n-BuAc containing 0.5
weight % watt 2iH& 44 solids were dried at 50 degrees C under vacuuRfCEgiagPeMi¢dgen purge.
Compound (1) crystalline sodium salt solids were collected. 15 Il. Clinical Results For the clinical trials
described below, the drug product administered was an oral solution of Compound (1) sodium salt.
The Compound (1) sodium salt was provided to the clinical 20site(s) as a powder for preparing an oral
solution using a co-supplied solvent. The solvent was also used as the placebo. Example 6 - Clinical
Study with Treatment-Nave Patients Safety and antiviral activity of Compound (1) sodium salt, a new

HSV NS3 pfOteaiﬁ%@éiﬁf#Hﬂ% & freatmeeMaivg agat%le.tswvit{aaﬁ][&mﬂg %%R%@%%;nggﬁ%g{pe-l ®
infection given ag monotherapy and in ination with Peginterferon alfa 2a (P) and Ribavirin (R
Background: Corﬁln%bnﬁ{%mm as%dﬁj%ﬂééﬁ%?@ﬁé@l\@%%q %ase inhibitor (EC50 of 3-6 nM). A multiple
rising dose study evaluated safety and antiviral activity in treatment-naive 30 patients (pts) with chronic

HCV genotype-1 HECHuRE S8 BBt Sh P aTeIor 450 SIS e B By PEATHE LA IR AT H RS py with
P-i-R for an additioheit IddaydesidethetisnddapaitfontsiFrancap Génmiany pSpatniod SAppyithra Metavir

fbrosis soore of 3 Anehg AAC NGIRRWAODIGHEIRD AFR RIRIBAABRNZS (G placebo:d or

7active) to 4 dose groups of once-daily (qd) Compound (1) sodium salt: 20 mg (n=8), 48 me (n=9), 120

mg (n=9), or 240 TN2E €81 FEUNE PI Ltio S Al WHS it P AL KiERARERapY for 514 days. Pts
with <1 log10 degraaseanriyDayet Ouiraldeddn@\Hu)yrbad oo ound:{d) Sodithasalticiseenéhitted after Day

14. Pts with a > Xe i ) VL conf poHnd (L) im.salten Day 15 and
added P(18Otig/%/?/‘%,?gl%)%"’F%]E{é/\;_gégi&gﬁ'E5 gg%?e%&%%#% %%C@%%%gﬁﬁg Ii%%rapy t %%%g{hq 52431%38 The primary

endpoint wa§ >25deF 8 GV YRItREF At EnP e P Day 14. Plasma FICV-RNA levels were measured
with Roche 10 COBAS(r) TagMaMil) assay (I,1,0Q 25 Ill/m T,). After day 28, at the discretion of the
investigator, patignts co ontinye to receive standard of care treatment,.i.e., P + R. Results: 33 pts
wers e, 1w R e B G P S o R T S s kg
and median (ranB®)aSeMiENPINAS o B ACT a7 P} o JLth, "PHEFe P iE o rstERTie aktd ditidgraphic
differences betweenydpsegiabips:Garopaurd (blisadium salt wasyeldelerated: Neoptsrdiscontinued
treatment d ging onotherapy due to adverse eyents (AEs). AEs pbserved were typical for P+R. One
serious AE,HIésthg'Eig,g g&ﬁﬁ]ﬁecﬁﬁ ]%P]u(ceg 25%7%’@(%% lgocﬁ?()ertoﬁé%g gt%(glél?ef({ﬁﬁ%rﬁa\r%a Fﬁ?kég(g\gﬁifd decline of
VL was observedefita (pemittiahigripealine Bptesile 2 mdpysdsiidr StaiiriyCormigburid (1) sodium
salt. With 20 the xeeptian Rfifptdmthed0me sehoitvall pis R feRmRoURsL(1xsrdivg.sali achieved

pg/week. In combination with ribavirin, a standard dosage of pegytated interferon alfa-2b
is about 1.5 ug/kg/week and a standard dosage of pegylated interferon alfa-2a is about 180
20 pgiweek, together with about 600-120¢ mg/day, in particular, 800-1200 mg/day of oral

ribavirin.

According to further embodiments, the pegylated interferon alfa-2b may be administered at
dosages of;
25 {ay about (.5 ng/kg/week to about 2 uglkg/week;
{b) about 1 pg/kg/week to about 2 ug/kg/week;
{¢) about 1.5 ng/kg/week to about 2 ug/kg/week;
(d)y about 1.5 pg/kg/week

30
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> 2 10g10 VL decline during the monotherapy period. Median (range) maximal reductions in VL during
14 day monotherapy for the 20 mg, 48 mg, 120 mg, and 240 mg groups were 3.0 (1.5-3.9), 3.6
(3.1-3.8), 3.7 (3.3-4.1), and 4.2 (3.6-4.8) log10 RJ/ml, respectively. No significant change in VL was
observed witfPo&EE8447L rebound during treatment was seen in the firsP44/Bp8%dFrichotherapy in a
majority of patients from all dose groups. Conclusion: Compound (1) sodium salt as monotherapy for
14 days followed by combination with P+R for additional 14 days was well tolerated, and induced a
strong and rapid antiviral response among treatment nave patients. 30 Figure 1 depicts the average
change in ACV viral load in the four patient dose groups of this study, i.e., treatment-nave patients with
chronic ACV genotype-I infection treated with Compound (1) sodium salt as monotherapy for 14 days,

followed by compinationthetapy with SRBROURSLE) sedium.salix Reaylaied nterferp.alfan2a and

ribavirin for an 5 (giqgitégggl 14 days. In the figure, the change in viral load is in 1U/nal log10 units and
the four patient 0sE groups are labeled as follows: "20 naiv av" = average viral load change for 20 mg

dose group "48 naiv avt)=bmwerdbe viral RiEd:etarlje for 48 mg dose group "120 naiv av" = average
viral load change for 129 mg.#9669euR iNiZ49Wnalyv av" = average viral load change for 240 mg dose
group Emergence of Variants Dyring Treatment-Nave Patient Therapy Population sequencing of the
NS3/4A prog‘ease at bé%)alﬁ%’guéﬁgg)ﬁé%gﬁ% during treatment revealed selection of variants that confer
in vitro resistance to Compound (1) sodium salt. ISThere were seen notable changes at key residues

within the NS3 prgtease demaibHelativent:shly PeGIRIRACR(SUDa8NeEYRe JanAt0PIB06 or
sub-genotype Ib: AJ23879%durin _theraéa in yarious dose gdroups. See Tables 1 to 4 below for

details. In all tabPS&T EF FRTE SSRIHE R %"g SRR PERAY BaT T HEFeHEHIL BEEfine sequence and
the indicated anwheasidusuidstitations areinatorallyaotouningaNSB belymorphismasdtdiey residues.

20Additiona] changes,dhat ey eAGeda:fr Beapseciated with drigEsiRiAnGe. AF AQtad.at different
days during treatment. Table 1Predominant variants (relative to subtype reference) at key residues in

the population-bS88d*ihint &2 e AcdS rdm the treatment-nave patients in the 20 mg dose group
Patient

The types of ribavirin that may be used in the combination are as outlined hereinabove in
the definitions section. In one preferred embodiment, the ribavirin is either REBETOL® or
15 COPEGUS® and they may be administered at their labeled dosage levels indicated for
interferon phus ribavirin combination therapy for the treatment of HCV infection. Of
course, with the triple combination therapy of the present invention it may be possible to
use a lower dosage of ribavirin, e.g., lower than is used the current standard interferon plus
ribavirin therapy, while delivering the same or better efficacy than the current standard

20 therapy with less side~effects usually associated with such therapy.

According to various embodiments, the ribavirin may be administered at dosages of (in
single or divided doses):
(a) between 400 mg/day to about 1200 mg/day;
25 (b} between about 800 mg/day to about 1260 mg/day;
(¢) between about 1000 mg/day to about 1200 mp/day;
{(d) about 1000 mg/day
(e) about 1200 mg/day
(f) between about 300 mg/day 1o about 800 mg/day
30 (g) between about 300 mg/day to about 700 mg/day
() between 500 mg/day to about 700 mg/day

-15-
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(i} between 400 mg/day to about 600 mg/day
(3) about 400 mg/day
{k) about 600 mg/day
(1) about 800 mg/day

According 10 one embodiment, the ribavisin compaosition comprises ribavirin in a
formulation suitable for dosing once a day, twice daily, thrice daily, four limes a day, five
tirnes a day, or six times a day, For example, if a therapeutic combination comprises about
1000 mg/day dosage of ribavirin, and a dosing of five times a day is desired, then the
therapeutic combination will comprise ribavirin in a formulation, e.g., a tablet, containing,

e.g., about 200 mg of ribavirin,

With respect to the Compound (1} or a pharmaceutically acceptable salt thereof plus
mterferon alfa plus ribavirin triple combination therapy of the present invention, the
present invention contemplates and includes all combinations of the various preferred

embodiments and sub-embodiments as set forth hereinabove.

For example, in one embodiment the present invention contemplates & method of treating
hepatitis  viral {HCV) infection or alleviating one or more symptoms thereof in a patien(

comprising the step ol administering to the patient a therapeutic combination comprising:

(2) Compound (1) or a pharmaceutically acceptable salt thereof at a dosage
between about 48 mg per day and about 480 mg per day;

(b) pegylated interferon alfa -2a at a dosage of about 160 to about 200 pg/week or
pegylated interferon alfa -2b at a dosage of about 6.5 ug/kg/week to about 2
ng/keiweek; and

(¢) ribavirin at a dosage of between about 400 mg/day to about 1200 mg/day.

16-
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In another embodiment the present invention contemplates a method of weating hepatitis C
viral (HCV) infection or alleviating one or more symptoms thereof in a patient comprising

the step of adminisiering to the patient a therapeutic combination comprising:

{a) Compound (1) or a pharmaceutically acceptable salt thereof at a dosage
between about 48 mg per day and about 480 mg per day;
(b) pegylated interferon alfa -2a at a dosage of about 180 pg/week; and
{c) mibavirin at a dosage of between about 1000 mg/day to about 1200 mg/day.
10
In another embodiment the present invention conternplates a method of treating hepatitis C
virai {HCV) infection or alleviating one or more symptoms thereof in a patient comprising

the step of administering to the patient a therapeutic combination cOmprising:

15 (a) Compound (1} or a pharmaceutically acceptable salt thereof at a dosage
between about 48 mg per day and about 480 mg per day;
{b) pegylated interferon alfa -2b at a dosage of about 1.5 pg/kg/week: and

{c) ribavirin at a dosage of about 800 mg/day.
20 Fuorther embodiments include any of the above-mentioned embodiments, and where:
{a) the HCV infection is genotype 1 and the patient is a treatment-naive patient; or

{b) the HCV infection is genotype 1 and the patient is a treatment-experienced

patient who is non-responsive o a combination therapy of interferon plus

23 ribavirin,
Further embodiments include any of the above-mentioned embodiments, and where the
Compound (1} or a pharmaceutically acceptabie salt thereof is administered once a day, the
interferon alpha is administered once a week and the ribavirin is administered twice a day.
30

According to a another embodiment, the therapeutic regimen of the present invention

comprises administering to a patient for at least about 4 weeks, more preferably either at
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least about 12 weeks or at least about 24 weeks:

{i) a therapeutically effective amount of Compound (1) or a pharmaceutically acceptable
salt thereof once a day;
(ii} a therapeutically effective amount of interferon alpha once a week; and

(ii1) a therapeutically effective amount of ribavirin twice a day,

According to another embodiment, the present invention provides kits for use in treating
HCV infection 1n a patient. The kits of the present invention may comprise any of the
therapeutic combinations of the present invention. The kits further comprise instructions
for utilizing the therapeulic combinations. The kits may be tailored to the needs of classes
or types of patients or other clinically relevant factors such as age, body weight,
concomitant diseases/conditions, severity and stage of HCV infection, responsiveness or

nOn-responsiveness Lo prior reatments, propensity for side effects, etc.

According to another embodiment, the present invention provides a kit comprising:
{a) a first pharmaceutical composition comprising a Compound (1) or a
pharmacewtically acceptable salt thereof:

(b) a second pharmaceutical composition comprising interferon alfa;

{c) a third pharmaceutical composition comprising ribaviria; and.

{d) instructions for utilizing the above compositions,

Additionally, surprising results have been seen in the suppression of HCV viral resistance
during the combination therapy treatment contenplated by the present invention. Dosing
of Compound (1) (sodiurn salt) as 8 monotherapy resulted in a rapid viral load rebound in
the first 14 days during treatment in a majority of the patients from all dose groups of
treatineni-naive patients in whom virat load reductions were observed. In contrast, among
the 19 treatment experienced patients who received Compound (1) (sodium salt) once
daily (qd) doses of 48 mg (n=6}, 120 mg (n=7). or 240 mg (n=6) in a combination with
pegylated interferon alfa 2a and nibavirin (PegIFN/RBV) for 28 days, virologic rebound

during the 28 day treatment was only observed in 2/6 patients in the 48 mg dose group,
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R155K1 BED None: no substitutions at the selected positions were observed BLD: Below limit of
detection for PCR amplification ND: Not determined * Encodes V/1170T baseline polymorphism. Table
2PredominalfRA&HktsGElative to subtype reference) at key residues in tRePBRIESAIBased amino
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and in 1/7 patients in the 120 mg dose group, Notably, no rebound was seen during the first
28 days in the reatment-experienced dose group that received Compound (1) {(sodium salt)

240 mg gd (reatment in combination with PegIFN/RBV,

Accordingly, in an additional embodiment, there is limited or no emergence of viral
resistance during the combination therapy of the present invention. In a more specific
embodiment, there 1s limsited or no emergence of HCV variants that encode HCV NS3
protease amino acid substitutions at one or more of R155 and/or D168 and/or A156 during
the combination therapy of the present invention,

Further embodiments inciude any of the above-mentioned embodiments, and where either:

(a) the HCV infection is genotype 1a and the patient is a treatment-naive patient; or
{by the HCV infection is genotype 1a and the patient is a treatment-experienced
patient who is non-responstve to a combination therapy of interferon plus
ribavirin;
and wherein there is limited or no emergence of variants that encode substitutions at NS3

protease amino acid R155 during the combination therapy of the present invention,

Further embodiments include any of the above-mentioned embodiments, and where either:

(a) the HCV infection is genotype 1b and the patient is a treatment-naive patient; or
(b) the HCV infection is genotype 1b and the patient is a treatment-experiencad
patient who is non-responsive to & combination therapy of interferon plus
ribavirin;
and wherein there is limited or no emergence of the variants that encode substifutions at

N&3 protease amino acid D168 during the combination therapy of the present invention,
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Examples

1. Methods for Preparing Compound (1)

5 Methods for preparing amorphous Compound (1) can be found in US Patents 6,323,180,
7,514,557 and 7,585,845, which are herein incorporated by reference. The fellowing
Examples 1 to 5 provide methods for preparing additonal forms of Compound (1) that

may be used in the present invention.

10

Example 1 — Preparation of Type A crvstalline form of Compound (1)

Amorphous Compound (1) {(Batch 7, 13.80g) was added to a 1000 mi three neck flask.
Absolute ethancl (248.9¢) was added to the flask, While stirring, the contents of the flask

15 were heated at 60 degrees C/iar to ~ 74 degrees C. (Solids do not dissolve at 74 degrees C).
Water (257.44) was then added linearly over 4 hr to the resulting slurry while stirring and
maintaining the temperature at 74 degrees C. After the water addition was complete, the
temperature was reduced linearly to ambient temperature at 8 degrees C/hr and then held at
ambient (emperature for 6 hrs while stirring. The resulting solids were collected by

20 filtration and washed with 50 mi of 1/1 {w/w) EtOH/Water. The wet solids were dried on
the funnel for 30 minutes by sucking N, through the cake. (XRPD analysis on this sample
indicates that the pattern is similar to the EtOH solvate). The solids were then dried at 65-
70 degrecs C under vacuum (P = 25 in Hg) and a nitrogen bleed for 1.5 hr. The resulting

solids (12.6g, 95.5 % corrected yield) were confirmed by XRPD as being Type A

[
n

Compound (1).

Example 2 - Preparation of the Sodium Salt of Compound (1) - Method 1

2.1 g of amorphous sodium salt of Compound (1} and 8.90g of acetone was added to a vial

30 and stirred at ambient temperatare for 3 hr, The shurry was fittered off mother liquors and
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the resulting solids were dried for 20 minutes under nitrogen flow for 20 minutes. 1.51 g

of crystalline sodium sali of Compound (1) as solids was collected.

Example 3 - Preparation of the Sodium Salt of Compound (1) - Method 2

15.6 g of Type A of Compound (1), 175 ml of acetone and 3.6 m} of water was added to a
250 ml reactor and heated to 53 degrees C to dissolve the solids. 908 ul of 10.0 N NaOH
was added to reactor and the solution was seeded with Type A, The seeded solution was
stirred at 53 degrees C for 10 minutes. A second 900 ul portion of 10.0 N NaOH was
added and the system was stirred at 53 degrees C for 30 minutes over which a sharry
developed. The slurry was cooled to 19 degrees C at a cooling rate of 15 degrees C per
hour and held overnight at 19 degrees C. The final resulting sharry was filtered and the wet
solids were washed with 15 ml of acetone. Dried solids for 1 hr at 52 degrees C under
vacuum with a nitrogen flow and then exposed the selids to lab air for one hour,

Collected 12.1 g of Compound (1) crystalline sedium salt solids.

Example 4 - Preparation of the Sodium Salt of Compound (1) - Method 3

25.4 Kg of amorphous Compound (1}, 228 L. of THF and 11.1 Kg of 10 wt % NaOH (aq)
was added to a reactor, The components were mixed at 25 degrees C to dissolve all solids,
The resulting solution was filtered and the reactor and filter was washed with 23 L of THE.
180 1. of solvent was removed using atmespheric distillation at 65 degrees C. 195 L of
MIBK was added and 166 1. of solvent was removed by vacuum distillation at ~ 44
degrees C. 161 L of MIBK and 0.41 Kg of water was added back te the reactor and the
contents were heated to 70 degrees C. 255 g of Compound (1) sodium salt seeds were
added at 70 degrees C and 1.42 L of water was added over 1.5 hours. After the water
addition the slurry was held at 70 degrees C for 45 minutes and then cooled to 45 degrees
C over 1 hr, The resuking slurried was filtered and washed with 64 1. of MIBK containing
~(.8 weight % water, The wet cake was dried at 55 degrees C to give ~ 25 Kg of

erystalline sodium salt of Compound (1},



10None: no substitutions at the selected positions were observed BED: Below limit of detection for
sequencing ND: Not determined WO 2010/033443PCT/1JS2009/056771 Table 3Predominant
variants (relative to subtype reference) at key residues in the population-based amino acid sequences
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Example 5 - Preparation of the Sodium Salt of Compound (1) - Method 4

2.00 g of amorphous Compound (1), 9.96g of THI and (.11 g of water was added to a
reactor and stirred at ambient temperature to dissolve solids. (.820m! of 21 weight%
NaOET in ethanol was added drop-wise while stirring the solution to get solution A. 159 g
5 of n-BuAc and 160 ul of water was added to a second reactor and heated to 65 degrees C
{solution B). 2.56 g of Solution A was added to Solution B at 63 degrees C and the
resulting mixtare was seeded with 40 mg of Compound (1} sodium salt seeds. The seeded
mixture was aged at 65 degrees C for 45 minutes. 2.56 g of Solution B was added 1o
Solution A and aged for 45 minutes in four separate intervals. Afier the final addition and
10 aging, the slurry was cooled to 30 degrees C over 1 hour and fiktered. The wet cake was
washed with 6 mi of n-BuAc containing 0.5 weight % water. The final solids were dried at
50 degrees C under vacuum using a mitrogen purge, Compouand (1) crystalline sodium salt

solids were collected.

—
L

11, Clinical Results

For the clinical trials described below, the drug product administered was an oral sohxtion
of Compound {1) sodium salt. The Compound (1) sodivm salt was provided to the clinical
20 site{s) as a powder for preparing an oral solution using a co-supplied solvent. The solvent

was also used as the placebo.

Example 6 - Clinical Study with Treatment-Naive Patients

Safety and antiviral activity of Compound (1) sodium salt, a new HCV NS3 protease
25  inhibitor, in treatment-naive patients with chronic hepatitis C genotype-1 infection given as

monotherapy and in combination with Peginterferon alfa 2a (P) and Ribavirin {R)

Background: Compound (1) sodium salt is a HCV NS3 protease inhibitor (EC50 of 3-6
nM)}. A multiple rising dose sindy evaluated safety and antiviral activity in treatment-naive
30 patients (pts) with chronic HCV genotype-1 infection as monotherapy for 14 days followed

by triple combination therapy with P+R for an additional 14 days,

Kol
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Methods; 34 patients (France, Germany, Spain, USA) with a Metavir fibrosis score of (-3
and no prior therapy with any interferon or R were randomized (2 placebo:6 or 7active) to
4 dose groups of once-daily (qd} Compound (1) sodium salt: 20 mg (n=8), 48 mg (n=9),
120 mg (n=9), or 240 mg {n=8}. Compound {1) sodium salt was given as monotherapy for
5 14 days. Pts with <1 log10 decrease in Day 10 viral load (VL) had Compound (1) sodium

salt discontinued after Day 14, Pts with a =1 logl0 decrease in Day 10 VL continued
Compound {1} sodium salt on Day 15 and added P(180pg/week) + R{weight based) for
griple combination therapy through Day 28. The primary endpoint was >2 logl0 VL
reduction at any time to Day 14, Plasma HCV-RNA levels were measured with Roche

10 COBAS® TagMan® assay (1.1.OQ 25 TU/m L.). After day 28, at the discretion of the

investigator, patients could continue to receive standard of care treatment, i.e., P + R,

Results: 33 pts were white, | was Asian, 27 were male, mean age = 48.9211.1 years, mean
body weight 79.1+17.5 kg, and median (range} baseline VL was 6.8 (4.7-7.7) log10. There
15 were no significant demographic differences between dose groups. Compound (1) sodium
salt was well tolerated, No pts discontinued treatment during monotherapy due to adverse
events {ABs), AEs observed were typical for P+R. One serious AE, asthenia, occurred in
the 20 mg dose cohort 6 days after initiating P+R. Rapid decline of VL was observed in all
pts with maximal decline typically 2-4 days after starting Compound (1) sodium salt. With
20 the exception of 1 pt in the 20 mg cohort, all pts on Compound (1) sodivm salt achieved
> 2 log1Q VL decline during the monotherapy period. Median (range) maximal reductions
in VL during 14 day monotherapy for the 20 mg, 48 mg, 120 mg, and 240 mg groups were
3.0(1.5-3.9}, 3.6 (3.1-3.8), 3.7 (3.3-4.1), and 4.2 (3.6-4.8) log10 TU/ml, respectively. No

significant change in VL. was observed with placebo. VL rebound during treatment was

25 seen in the first 14 days of monotherapy in a majority of patients from all dose groups,
Conclusion: Compound (1} sodium salt as monotherapy for 14 days [ollowed by
combination with P+R for additional 14 days was well tolerated, and induced a strong and
rapid antiviral response among treatnient naive patients.

30
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Figure 1 depicts the average change in HCV viral lead in the four patient dose groups of
this study, i.e., treatment-naive patients with chronic HCV genotype-1 infection treated
with Compound (1) sodium salt as monotherapy for 14 days. followed by combination
therapy with Compound (1) sodium salt, pegylated interferon alfa-2a and ribavirin for an
5 additional 14 days. In the figure, the change in viral load is in TU/ml log10 units and the

four patient dose groups are labeled as follows:

“20 natv av” = average viral load change for 20 mg dose group

“48 naiv av” = average viral load change for 4§ mg dose group

“120 naiv av™ = average viral load change for 120 mg dose group

He “240) naiv av” = average viral load change for 240 mg dose group

Emergence of Variants During Treatment-Naive Patient Therapy

Population sequencing of the NS3/4A protease at baseline and rebound during treaiment
revealed selection of variants that confer in vitro resistance to Compound (1) sodium salt.

15 There were seen notable changes at key residues within the NS3 protease domain relative
to subtype reference {(sub-genotype la: AFQ09606 or sub-genotypelb: AJ238799) during
therapy 1n various dose groups. See Tables 1 to 4 below for details. In ali tables, Gt
represents the HCV subgenotype and Day 1 represents baseline sequence and the indicated
aminoe acid substitutions are naturally ocearring NS3 polymorphisms al key residues,

20 Additional changes, that may encode or be associated with drug-resistance, are noted at

different days dvzing reatment.

Table 1 Predominant variants {relative to subtype reference) at key
residues in the population-based amino acid sequences from the
treatment-naive patients in the 20 mg dose group

TR T TRCRE R o - : g B 1{;8
171V, 71V, QB6P | 171V, ND ND ND
Q86P Q86P
20M2 ib | none BLD D168V R1I55IK,Q.R] | R1SS{K.Q.R] | BLD
,DI6GID,Y] |, DIGE[D.V]
20N3* {1 1b | Q86A, Q806A, QB6A, BLD BLD BLD
V70T | V1707 vAa170rT

24



5None: no substitutions at the selected positions were observed BLD: Below limit of detection for
sequencing ND: Not determined WO 2010/033443PCT/US2009/056771 Table 4Predominant variants
(relative to subtype reference) at key residues in the population-based amino acid sequences from the
treatment-ndKfe &tEHEIn the 240 mg dose group Patient Gt Day of TreBif&heq09/03F 28 84 240Nl Ib
Q801" Q86P Q80L, (286P

20N4  |la |none | VAI7O[LT] | R155K R155K R155K | BLD

20N5 | 1b | Q80L, | QROL, QSOL., BLD BLD BLD
D168(G,A] | DI6S[ED]

20N6 la | none none none ND ND ND

20N7 | 1a |none | R155K RI55K RI55K R155K R155K

20NS |la |none | RISS[RK] |RISSK | RISSK R155K BLD

None: no substitutions at the selected positions were observed
BLD: Below limit of detection for PCR amplification

ND: Not deternuned

* Encodes V/I170T baseline polymorphism.

Table 2 Predominant variants (reative to subtype reference) at key
residues in the population-based amino acid sequences from the
treatment-naive patients in the 48 mg dose group.

: S L EREEE S SRR B R 1 S
48N1 la T541T.5] T54[T,S] ND
48N2 Ib 71V, Q86P | 171V, Q86P ND

V170[E,V]
48N3 ib PROS PROS, D168V PROS, D68V
48N4 Ib 71V I71V, D168V T34[T, A} 171V,

D168V
48N35 la none Ri55K RI55K
4EN6 1b none DI168[T.LAV] DI168{T.LA V]
48N7 1b none BLD BI.D
48NE la Q0K QB0K, R155K BLD
48N9 1b 171V, I71V, QRO[Q,R] ND
QB80iQ,R] R155[R. W],
DI168[D,V]

10 None: no substitutions at the selected positions were observed

BLD: Below limit of detection for sequencing

NI Not determined



ND ND 240N7 Ib none none ND ND 240N3 la V36IL, VI, Q80K V36I" Q80K, R155K ND V36L, ()SOK,
R155K 240N4 Ib nonel BLD BID BLD 240N5 Ib P89A P89A, D168V

WO 2000/033443 PCT/US2009/056771

Table 3 Predominant variants (relative to subtype reference) at key
residues in the population-based amino acid sequences from the
freatment-naive patients in the 120 mg dose group

Patient . Gt | e Ee e

120N1 la Q80K

120N2 1 D168D/E D16RD/E

120N3 la none R1558K BLD BLD

120N4 la QROK BLD ND ND

120N5 1b none D168V BLD BLD

120N6 1h P8OT PROT, PROT, PROT,
D168V D168V D168V

120N7 la none R155K BLD BLD

120N8 ih none D168V D168V BLD

120N9 ib QB6P QB6PR, Q56F, 867,
A136[T, A}, { DI68ID.L, A, | R1I55K
D168D, V] V]

5 None: no substitutions at the selected positions were observed
BLD: Below limit of detection for sequencing

ND: Not determined



P89A, D168V BLD 240N6 1 nonel D168V D168V BLD 240N7 Ib none D168V BL[) BLD 240N8 la
Q89P BLD BUD BUD 5None: no substitutions at the selected positions were observed BID: Below

limit of detection for PCR amplification and sequencing ND: Not determined 10
WO 2010/033443 PCT/US2009/056771

Table 4 Predeminant variants (relative to subtype reference) at key
residues in the population-based amino acid sequences from the
treatment-nafve patients in the 240 mg dose group

e fTeatme T
kg 14
Q8OL, (38sP | Q8OL, QB6P
none none ND ND
V36[L, V], V3ol ND V36L,
Q80K QBOK, Q80K
R155K R155K
240N4 1b none BLD BLD BLD
240N5 lb P&YA PROA, PEIA, BLD
D168V D168V
240N6 1 none D168V D168V BLD
2A0NT b none D16gV BLD BLD
240N8 la Q89P BLD BLD BLD

5 Noene; no substitutions at the selected positions were observed
BLD: Below limit of deteciion for PCR amplification and sequencing

ND: Not determined

10

Example 7 - Clinscal Study with Treatment-Experntenced Patients

Safety and antiviral activity of Compound (1) sodium salt, a new HCV NS3 protease
mhibitor, in combination therapy with Peginterferon alfa 2a (P) and Ribavirin (R} for 28

days in P+R treatment-experienced patients with chronic hepatitis C genotype-1 infection,

Background: Compound (1} sodium salt is a HCV NS3 protease inhibitor (EC50 of 3-6
nM). A muliiple rising dose study evaluated the safety and antiviral activity in P4+R
treatment-experienced patients (pts) with chronic hepatitis C genotype-1 infection for 28
days as combination therapy with P + R,

20



Example 7 - Clinical Study with Treatment-Experienced Patients Safety and antiviral activity of
Compound (1) sodium salt, a new 1-1CV NS3 protease inhibitor, in combination therapy with
Peginterferon alfa 2a (P) and Ribavirin (R) for 28 days in P+R treatment-experienced patients with
chronic hep&R3EEtId pe-1 infection. Background: Compound (1) sodRérk S&P98/ 8RRy NS3
protease inhibitor (EC50 of 3-6 nM). A multiple rising dose study evaluated the safety and antiviral
activity in P+R treatment-experienced patients (pts) with chronic hepatitis C genotype-1 infection for 28
days as combination therapy with P + R. Methods: 19 pts (France, Germany, Spain, USA) with a
Metavir fibrosis score of 0-3, who experienced previous virologic failure with P+R combination therapy,
were assigned to receive Compound (1) sodium salt once-daily (qd) doses of 48 mg (n=6), 120 mg
(n=7), or 240 mavfemBddm smbinatioBwithR, (4804oMK) vRiweight Pasesh fard8ays «All Spatients
were monitored for safetg and tolerabﬂ)ig( 0 %t“,d&-%%ﬁ- Th .gri,martx endpoint was a >2 log10
reduction in BEVAAITSAA (U0 O A5 iRE e Ay fime TR T8 3 58P BISEMA TSI BNA levels
were measured esiFigethenRoehe{ COBAS Fdgvrardn)asshyi¢bds0F 264 Umil) ! Khegfeaiment
experienced patiefis,inthis studinciudediB PRifullyesRondersand Paytial 1eapadgars. After day 28, at
the discretion of the investigator, 1%Pf_atients could continue to réecgive siggdard of c%r)e_tr_eatment, Le.,
P + R. Results: THSEWETE WHHET 1 WaTEH 4R HSEhh Bod (TAY 488 S4r BR BIR veight was
8115 kg, and median {alegt) basalima\Mi(iVas:g. B8 (917 fploGigiiTherenywere np tsigaifigant
demographic diffetepeas ReEen dasg. QRS COMROHdChsedii Rk aaituas kb.well tolerated and
no serious or severe adverse events (AEs) were observed amqn%gts in this st%%l\éé@r s were typical

for P + R. One stbjetY distSitinudd At En e ShPAE T Akt § A Gy Bi4ted decline of
VL, was obsgrveﬁ_tsimvadlleptspmms rae}até\dwviﬂﬁ&_@dm@@uutdl(elc)imeﬁmmﬁgw @R&H’Q&@cﬁieved > 2 1log10
VI, decline with trple,combinatipnberapy. Megiandrangelnaximal degling in VL during 28 day
combination therapy for 48 mg, 120 mg, and 240 mg dose cohorts was 4.8 (3.4-5.9), 5.2 (3.9-6.0), and
5.3 (4.8-6.1) log10 IU/ml, respectively. Virologic rebound during treatment was observed during the
first 28 days of Qmmprsurmp(a)»sm:qmm,swmf@;@aa,mmmm&w irdhendBmhgdand:ighld/7 pts _in the
120 mg dose araups | fiese, Rafients AgpY Rllansaauencing afdhe Naddhpteleasqat baseline and

at viral rebound during treatment revealed selection of variants in 25 the ' NS3 protease domain shown
to confer in vitro T8I SR EETBPEBRRISITCO SBURRTPSare BRWHAtidMarPtHe ) £o8 g HbY&%group did
not display v'rrolog&ﬂ:} m_etammrhnlﬁ ubplaieaue d:with a(ﬁ@&@omgs (IAJEm Ive bysd@yc&&lamgilﬁmOQed a
RIS5K mutant; thig ¥éﬁ§§.‘%€’f—% ¥ %@8@%&%&% e %%1%’%& it of AStACUon I g Rhengtypic

resistance assays. No rebound during the 28-day Bl 201335 treatment was seen in the 240 mg qd
dose cohort: 5/6 BiEkad VAP desrmitiaadmsslpBo The St HET B2 oyt 0t Betife AL from
baseline on Day 2&andnV LiwagisaSdk T mdratmextvisit Jdday R dbemenclusion: Compatirid (1) sodium
salt given once-dailyin sembination hetapy Wi i« 3 191,85 davs was wel ialeraledyand induced a
strong and rapid antivira responsé among treatment experiefice aatlents, igure %Ddeplcts the
average chafige REHEYMGrantoad HaFPecprtient okt Grovps fof thid-a.0)stody, 3 €.8-6.1)
treatment-experigicedipatiaaiswithichvanie G @anabmer kdnfeatiandraatedavithitzompound (1)
sodium salt, pegylated interferon alfa-2a and ribavirin.as combinatign therapy for 28 days. In the
figure, the chang}éisi%%\gifgﬁo(fg%él L ?Zrﬁl)lsbogﬁnuﬁ{g &Eﬁtﬁfgsfgﬂrmp%%@ﬁs 13(?3%%%56%@% labeled as
follows: "48 NR dv* Bisdiebadedvirarisadrenznbelfeic28te s dosulgron 15 ere RiRhav =/aterage viral
load change for 320:m@ 465 1aOMA R42.NEanraaver agaiailoasahanagfar 248.mgigdose group
Certain para}met(tegs I I{;\tin to tgle virologic Ees%(k)lnse (Jr(taduction in \t/irgl Ioa}%(iin f?e Q,atienlils in this
study are shown 11 thie 1ol oﬁ?ﬁg%&%ﬁ%sg/v ere e I(‘:}aﬁl,r %ﬁealslérﬁﬁ 2 ones p% ‘?fa;lll;lmﬁa = # of
patients; "Below Limitabf 0 irathtifl gatiedosseaiprp [ddth Anms [drgegiptebf s ipm plateaved with

~300 copies IU/m! VL by day 28 and encoded a R155K mutant; this viral load sample was

below the lower limit of detection in our phenotypic resistance assays.



WO 2010/033443PCT/U52009/056771 5 Emergence of Variants During Treatment-Experienced
Patient Therapy There are notable changes at key residues within the NS3 protease domain relative
to subtype reference (sub-genotype la: AF009606 or sub-genotype Ib: AJ238799) during therapy in
various dos& §rdtip838é: Tables 1 to 4 below for details. In all tables, 01epfeEMEHE HCV
subgenotype and Day 1 represents baseline sequence and the indicated 10amino acid substitutions
are naturally occurring NS3 polymorphisms at key residues. Additional changes, that may encode or
be associated with drug-resistance, are noted at different days during treatment. Table 5Predominant
variants (relative to subtype reference) at key residues in the population-based amino
acid sequences from the 1548 mg treatment-experienced dose group, Patient Da yof treatment 4

28 68 48TEL i ,|a{28Q6HQ80Kng the 28-day BI 201335 treatment was seen in the 240 mg gd dose
cohort: 53/6 pts had VL < 25 TU/ml at Day 28. The sixth pt had a 4.7 leg10 decline in VL

from baseline on Day 28 and VL was < 25 IU/ml at next visit, Day 42,

5 Conclusion: Compound (1) sodium salt given once-daily in combination therapy with P +
R for 28 days was well wlerated, and induced a strong and rapid antiviral response among

treatment experienced patients,

Figure 2 depicts the average change in HCV viral load in three patient dose groups for this
10 stady, i.e,, treatment-experienced patients with chronic HCV genotype-1 infection treated
with Compound (1) sodium salt, pegylated interferon alfa-2a and ribavirin as combination
therapy for 28 days. In the figure, the change in viral load is in IU/ml log10 units and the
four patient dose groups are labeled as follows:
“48 NR av” = average viral load change for 48 mg dose group
15 © 120 NR av” = average viral load change for 120 mg dose group

“240 NR av” = average viral load change for 240 mg dose group

Certain parameters relating to the virclogic response (reduction in virat foad} in the
patients in this study are shown in the following table (where “D” == day, and “QD” = once

20 per day, “N” = # of patients; “Below Limit of Quantification™ means less than 25 IU per

ml of serum},



Q80K, R1 55K Q80K, R155K 48T E2 | 1 a Q80E BLD BLD, BED 4STE inQ80OR BLD BLD1 BLD
WO 2010/033443PCT/US2009/056771 48TE3 Ib none 1) 68V DI 68V

WO 2010/633443 PCTIUS2009/056771

Maxtmal decline s . &8
DI-14(xiogy)  @G4-48)  {36-52 (L2-50

Below Limnit of 3 - 5
Quantification

A (50%} (83%)

5  Emereence of Variants Durning Treatment-Experienced Patient Therapy

There are notable changes at key residues within the NS3 protease domain relative to

subtype reference (sub-genotype la: AF009606 or sub-genotypelb: AJ238799) during

therapy in various dose groups. See Tables | to 4 below for details. In all tables, Gt

represents the HCV subgenotype and Day 1 represents baseline sequence and the indicated
10 armino acid substitutions are naturally occurring NS3 polymorphisms at key residues.

Additional changes, that may encode or be asseciated with drug-resistance, are noted at

different days during treatment.

Table 5 Predominant variants (relative to subtype reference) at key

residues in the population-based amino acid sequences from the
15 48 mg treatmeni-experienced dose group,

487TE1 80K, R155K (80K, R155K
48TE2 |la ; Q80L |BLD BLD BLID
48TE4 1a 1 Q80R | BLD BLD BLD




R15512./KJQ 48TES5 [- h Q86P BLD B i,D BLD 48TEG6 |Ib Q86P BLD BLD Q86P, R155K None: no
substitutions at the selected positions were observed BLD: Below limit of detection for PCR
amplification and sequencing 5Table 6Predominant variants (relative to subtype reference) at key
residues in thé godiadiéh-based amino acid sequences from the 120 mgh¢éaiRieviexparienced dose
group. Patient G Da of Treatment

48TE3 | 1b | none | D168V D168V RI5SR/K/Q
48TES | 1b [ QB6P | BLD BLD BLD
48TE6 1 1b | Q86P BLD BLD (286P, R155K

Nene: no substitutions at the selected positions were observed
BLD: Below limit of detection for PCR amplification ané sequencing
5 Table 6 Predominant variants (relative to subtype reference) at key

residues in the population-based amine acid sequences from the
120 mg treatment-experienced dose group.

120TE 1a | Q80K QSOK.
R155K R155K
120TE2 la (J89Y BLD BLD
1207TE3 ib Q86P, PRYS | BLD BLD
120TE4 1b Q36A BLD BLD
120TES ib P8OIP, §] BLD BLD
120'TE6 la none BLD BLD
120TE7 la none R155K* RIS5K*

None: no substitutions at the selected positions were observed

BLD: Below limit of detectzon for PCR amplification and sequencing
10 _
*VL plateau at < 1000 IU/m] at these time points.



14 120TE1 la Q80KQ80K, 1 R155K Q80K, R155K 120TE2 la Q89Y1 BLD ? BLD 120TE3 Ib Q86P,
P898 BLD BLD 120TE4 Ib Q86A BLD

WO 2010/033443 PCTE/RISZ009/056771

Table 7 Predominant variants (relaiive 1o subtype reference) at key
residues in the population-based amino acid sequences from the
240 mg treatment-experienced dose group.

L DR T 38’
la none BLD
240TE2 la none BLD
240TE3 la none BLD
240TE4 1b none BLD
240715 1b QReP BLD
240TES ta none BLD

None: no substitutions at the selected positions were observed

5 BLD: Below limit of detection for PCR amplification and sequencing

Owverall Assessment

These results demonstrate a strong and very rapid antiviral affect in treatment-naive
patients treated with Compound (1} sodium salt given once-daily as monotherapy for 14

16 days, which is followed by anti-viral resistance formation and increase in viral load after 5-
6 days of monotherapy. Upon initiation of the triple combination therapy of the present
invention at day 14 (Compound (1) sodium salt, with pegylated interferon alfa 2a and
ribavirin}, however, viral load progressively decreased demonstrating the antiviral
effectiveness of the triple combination therapy of the present invention in treatment-naive

15  patients. See Figure 1.

When Compound (1} sodivm salt was given once-daily to treatment-experienced patients
{(interferon plus ribavirin null responders and pariial responders) in combination with
pegylated interferon alfa 2a and ribavirin for 28 days, the resulis demonstrate the same

20 strong and very rapid antiviral response but with reduced resistance formation. See Figure
2. One would have expected in such treatment-experienced, non-responder patients that a
similar viral resistance would have occurred after day 5 as these patients wete selected for
being non-responsive to pegyiated interferon plus ribavirin therapy. However, a

continuous viral suppression occurred.

30



BLD 120TE5 Ib P89113, SI BLD BLD 12011E6 la none 1 BLD BUD 120TE7 la nonel R155K" R155K*
None: no substitutions at the selected positions were observed BLD: Below limit of detection for PCR
amplification and sequencing 10 *VT plateau at < 1000 111/m1 at these time points. WO
20101U334X¥8petP&3a99/056771 Table 7Predominant variants (relativdtd3(B¥p&5référence) at key

10

20

]
tn

30

In essence, it has been shown that the triple combination therapy of ¢he present invention
can effectively reduce the viral load of meatment-naive and treatment-experienced patients
with chronic genotype-1 hepatitis C viral infection and, at least in some patients, keep it at
less than detectable level, that is defined as below 50 International Units per mi serum of
a patient as measured by guantitative, multi-cycle reverse transcriptase PCR methodology
according to the WHO international standard. In preferred embodiments, the triple
combination therapy of the present invention can effectively reduce the viral load in HCV

genotype 1-infected patients to below 10 International Units per mi serom,

Definitely surprising results include:

(1} no early resistance formation (e.g., variants encoding NS3 amino acid substitutions at
R155 and/or D168} in treatment-experienced patients who are treated with Compound (1)
sodium salt in combination with pegylated interferon alfa 2a and ribavirin at standard
doses (Figure 2) as compared to the effect of the same dose of Compound (1) sodium salt
alone in treatment-naive patients who experienced viral resistance {see Figure 1, first 14
days). One would have expected in treatment experienced patients that a similar viral
resistance would have occurred after day 5 even with the addition of pegylated interferon
alfa 2a and ribavirin as these patients were selected for being non-responsive (o previous

pegylated interferon plus ribavirin combination therapy; and

(2) that a dose of only 120 mg QD (once daily) in combination with pegylated interferon
and ribavirin induced a viral depletion to below the level of quantification (defined as less
than 25 [U per ml of serum) in more than 50% of the treatment-experienced patients who
have been previously non-responsive to pegylated interferon plus ribavirin therapy (see

table).



residues in the population-based amino acid sequences from the 240 mg treatment-experienced dose

group. Day of Treatment ----- - PatientGt 28 240TE1llanone BLD , 240TE21 a, none BLD 240'1E3lai
none BLD 240TE4Ib none BLD 240TESIb Q86P BLD ' 240TF6 i la
WO 2016/033443 PCT/US2009/056771

15

20

Example § - Methods for Identifving HCV NS3 Variants

VIRAL RNA EXTRACTION AND PCR AMPLIFICATION

Viral RNA was isolated from plasma of HCV-infected subjects and & DNA fragment of 2.4
kbp containing the complete NS3-NS4A region was first synthesized using
SUPERSCRIPT ™ 11 one step RT-PCR System (Invitrogen) and two gene-specific
primers spanning positions 3276 in NS2 and 5650 in NS4B. After purification of the first
PCR product, two different second-round, semi-nested PCR products of either 2.3 or (.7
kbp {spanning the entire NS3/N5S4A or only the NS3 protease domain, respectively) were
then generated using KOD Hot Start DNA polymerase (Novagen). The limit of detection
of the RT-PCR amplification method restricted the analysis to patient samples with VL
above 1000 TU/ml.

SEQUENCE ANALYSIS

The 2.3 kbp DNA product was then used for direct population-based sequencing of the
entire NS3-NS4A 2055 nt region using BIG DYE® Terminator V3.1 {Applied Biosystems)
and an ABI PRISM® 3130XL Genetic Analyzer { Applied Biosystems). Sequences were
obtained from 10 prinzers to achieve at least 90% double strand coverage for the NS3-
NS4A region. The resulting nucleotide sequences were analyzed with SEQSCAPE® v2.5
{Applied Biosystems).

The 0.7 kbp DNA fragment was used to generate the clonal-based (ZEROBLUNT®
TOPO® Cloning Kit, Invitrogen} sequences of the 543 nt NS3 protease region covering the
first 181 aa of NS3; for each sample Y6 clones were picked and sequenced using universal
primers with ABI PRISM® BIG DYE™ Terminator Cycle PCR Sequencing. Two single
pass sequences were performed for each clone resulting in 90-100% double strand
coverage of the 543 nt region analyzed with MUTATION SURVEYOR™ v3.0
(Softgenetics 1.1.07). For each patient sample, the clones with low quality sequence or

containing deletions, insertions or stop codons were not included for further analysis such

-34.



none BLD None: no substitutions at the selected positions were observed 5 BLD: Below limit of
detection for PCR amplification and sequencing Overall Assessment These results demonstrate a
strong and very rapid antiviral affect in treatment-naive patients treated with Compound (1) sodium salt
given once-B4Ny'a& 4 hbtherapy for 14 10days, which is followed by antFUFaI5E8REHCE formation
and increase in viral load after 5- 6 days of monotherapy. Upon initiation of the triple combination
therapy of the present invention at day 14 (Compound (1) sodium salt, with pegylated interferon alfa
2a and ribavirin), however, viral load progressively decreased demonstrating the antiviral effectiveness
of the triple combination therapy of the present invention in treatment-nave 15patients. See Figure 1.
When Compound (1) sodium salt was given once-daily to treatment-experienced patients (interferon
plus ribavirin nulresponders anddpartiahkespondershin combination withipegylated jaterferon alfa 2a
and ribavirin for 28 days, the results demonstrate the same strong and very rapid antiviral response
but with reduced 1&€%istance formation. See Figure 2. One would have expected in such
treatment-experienced, non-responder patients that a similar viral resistance would have occurred

after day 5 as thegepatieniswere sslerdediipibeingnonte shpRsive e paaylatediinterferon plus
ribavirin therapy. However, a continuous viral sut[i)sﬁ)ression occurred, In essence, it has been shown

that the triplé cofABIFANGATHEPEhY BTt HE"S RS AR Thy SHHIEHIEA 1 BHE Y 815 PSRRI RS Xl load of
treatment-nave andh tre ARISHHEXPEr B Patimntsywith chipnc gElbb sextt hepatitiseniral infection
and, at least in spmenatieNankagpiiab dlessibandetesiahle lavalohaldsdefined asbelaw 50

International Units f er ml serum of a_.patiqnt as measured ,blﬁquanjtitT t#ve, _rpul.ti-c cle [ﬁ:‘ve‘rse
transcriptase PCRAFSHSEARGTY LS SHIGEBUHHE O SRR SHal Seamdsrs” T prdrelPaty

embodiments, thedtiple sembihptioivtiigrapyied heprasght invenigroareffdetivelstasddce the viral
load in HCV, gengiyps, 1 dnfecied patisnts Lo felans10; intg/natienaldinitg Res misarum A0 Definitely

surprising results include: (1) no early resistance formation (e.g., variants encoding NS3 amino acid
substitutions at RIBEAdIREITRE H [tre At ft-BREE R AT PatiEHe tRB AP trélted with Compound
(1) sodium salt i Njceexdxatiemyuhpegytated, ibiterfer an alid ZBadnoh Rbébuavatistamdaird 15doses

(Figure 2) as compargd tg, the; &liesh Alihe Fame.ARRE Al Gompaynd (Wagofi g salilone in

treatment-nave patients who experienced viral resistance (see Figure 1, first 14 days). One would
have expected iNFERAEHT ExXpérerddd Batientdarsatsd Sirimsastan ReEERES B IR occurred
after days even withaiheradditinorb pegyiatet interferonsakiaizacandicibaviriand Xinetaspatients were

selected for bemglﬂgnﬂggisggcp g’é\ylfgn'ip ﬁ%eéﬂgiégl evaluation of HCV subgenomic replicon resistance to
a NS3 protease inhibitor. In Framing the Knowledge of Therapeutics for Viral Hepatitis.
RF Schinazi and ER Schiffl {eds) P263-278 THL press, 2006 [3.]Koev G, Kati W. The
emerging field of drug resistance, Expert Opinion Invest Drugs 17(3), 303-319, 2008 (POS8-
20 03893)

DRUG SENSITIVITY ASSAYS

A bicistronic HCV replicon shuttle vector (pIT2) comprising a luciferase reporter gene and

an adapted Con-1 NS3 /NS5B region was modified to create two unique restriction sites

I
[

(Mlu L and Spe I} at NS3 codons 11 and 225 which enabled the insertion of compatible
NS3 ampiicons isolated from HCV-infected patient plasma samples. The first-round PCR
product synthesized from the patient plasma-purified RNA (also used for generating
fragments for population- and clonal-based sequencing) was used to amplify a 0.63 kbp
fragment with primer pairs that respectively contain the unique Miul and Spel restriction

30 sites for insertion into the shuttle vector. Amplicons were ligated in the pIT2 shuttle vector
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20pegylated interferon plus ribavirin combination therapy: and (2) that a dose of only 120 mg QD
(once daily) in combination with pegylated interlron and ribavirin induced a viral depletion to below the
level of quantification (defined as less than 25 Ili per ml of serum) in more than 50% of the
treatment-eXpeAeéEad4satients who 25have been previously non-respon$&¥§29eaAated interferon
plus ribavirin therapy (see table). Example 8 - Methods for Identifying HCV NS3 Variants VIRAL RNA
EXTRACTION AND PCR AMPLIFICATION Viral RNA was isolated from plasma of HCV-infected
subjects and a DNA fragment of 2.4 kbp containing the complete NS3-NS4A region was first
synthesized using 5 SUPERSCRIPTTM lll one step RT-PCR System (Invitrogen) and two
gene-specific primers spanning positions 3276 in NS2 and 5650 in NS4B. After purification of the first
PCR product, twg, g fferent.seCangowrd %@H?k&?z%tg&gg&ﬁﬂ%ﬁﬁﬁﬁg%ﬁ&ﬁ}%(JQ-7 kbp

e

(spanning the entire N,SS/IELS4A or only the NS3 protease domain, respectively) were then generated
using KOD Hot SEBRA BV (NBVEGERFATHEYifRivEP FARSEHH RO O TR RFIBER
amplification methodsastrigteld dnepanatysis Holpatienl samgles:witheVicalod vie Y500 Bldknl.

SEQUENCE ANALYSIS.Thad S:kbnanAradict was hemysedfordiestpapylation-based
sequencing of the 15 entire NS3-NS4A 2055 nt rcla{gtmon usm(égll IG DYE(r) Terminator V3.1 (Applied

] . (r) Ter A\
Biosystems) and S ABTMORI &Mt 3036K (> &Rkt RASKSr (A HSHE Bl distisic8dduences were
obtained from 10vpsimersiiol acthi &R {EAB1EAY0 doubiestrand lcoveragedoniheNSBINS4A region.
The resulting nucleptidle SEAVERRES WarsAANZRI WP ERRGARE(N.¥Z7:(APRlied Bigsystems). 20
The 0.7 kbp DNA fragment was used to generate the clonal-based (ZEROBLUNT(r) TOPO(r) Cloning
Kit, Invitrogen) sEGiRHEES HRIRE SRS RIS B P otas N TiuR o venfy et eiddican of NS3; for each
sample 96 clone;s)Wﬁg)éqkadaaIﬁd sﬁqﬁmd&ﬂsm‘@mp wegsalipsimerswihcABloBRISM(r) BIG
D\7171111 Ferminaton Gysle D eRs S e aURRGIRg o MOSH I@Jxer%#?ei&%% %&%‘)‘?&‘%eéeéé’l%(%éﬁﬁﬁ%rmed for

each clone resulting in 90-100% double strand coverage of 543 nt région analyzed

MUTATION SURREYORTIGE LGOIy EreNES Aoy dut: darhs pHifeht sahipatidSé ies with low
quality sequenceangoniainingaelattans, ksariians gnstap todansweruaot included for further
analysis such that the number of clones analyzed varied from 74 to 89 (with a median and average of
80 clones). The resulting sequences were compared to reference sequences according to their
Srespective subtypeErsHRIEHerenpravidt &y RS TS @UUARE thatisar SerbBRmg prasEeiith the
TRUEGENET M bdeaMed MG genotyping@ssayd AhQ08606.senedqas thedeferencadorsubiye | a and
AJ238799 for sublype 1,PrRarligular aliention was facusefl on miltations thal sesuitag i amino acid
substitutions at 15 positions in the N protease domain. These posﬂlons were all previously reported
as potentially cofférifify registlice 18lMitlats ©f deohipserigeTiesayso siiomscaredas, 41, 54, 71,
80, 86, 89, 109, ddahed:Db B8, 68y diifd.as a predominant substitution, and other minor variants

detected by sensitive clonal seguencing. ECs, values for D168 variants ranged 3.6 - 15

20 uM. This profile may be attributabie, in part, to a different mutational barrier to resistance
at the R155 codon in genotype 1a (a single nucleotide transition changes the codon to a
Iysine} versus genotype 1b {that requires two nucleotide substitntions to encode a change

to lysine.



176 and 178 (References: IL] Tong X, Bogen S, Chase R, Girijavallabhan V, Guo Z, Njoroge PG,
Prongay A, Saksena A, Skelton A, Xia E, Ralston R. Characterization of resistance mutations against
HCV ketoamide protease inhibitors. Antiviral Res. 2008 March 77(3):177-185. {2.1 Lagace L, Marquis
M, Bousquet C, Do F, Gingras R, Lamarre 15D, Lamarre L, Maurice R, Pause A, Pellerin C, Spickler
C, Thieault D, and Kukolj G. BILN 2061 and beyond: pre-clinical evaluation of HCV subgenomic
replicon resistance to a NS3 protease inhibitor. In Framing the Knowledge of Therapeutics for Viral
Hepatitis. RF Schinazi and ER Schiff (eds).P263-27G4HL press, 2006 [3.]JKoev 0, Kati W. The
emerging field of drug resistance, Expert Opinion Invest Drugs 17(3), 303-319, 2008 (P08- 2003895)
DRUG SENSITIVITY ASSAYS A bieistronic HCV replicon shuttle vector (pIT2) comprising a luciferase
reporter gehe and bsvadlapted @dmedtiNS8: /NS5B region was modified to create two unique restriction
sites 25 (M@} | and SREAALINGS SaSORS Ihand 225 witishenahlad,hedpssition gkrompatible NS3
amplicons isolated from HCV-infected patiept plasma samples. The first-round PCR product
synthesized from the patient plasma-purified iNA (also used for generating fragments for population-
and clonal-based sequenging) was ysed, to applify a 0.65 kbp fragment with primer pairs that
respectively contaiagthe uniqug Mluljlan p¥l restriction 30sites for insertion into the shuttle vector.
Amplicons were ligated ' 7 shuttle vector and reconstituted plasmid DNA was used to
generate FICV subgenepigiepicon RNA transcripts ("1'7 RIBOMAXIm kit, Promega). The in vitro
transcribed RNA was transiently transfected by electroporation in Huh-7.5 cells which were then
seeded in 96 well plates for 2&hours and treated with a range of Compound (1) sodium salt (or IFN-a)
5concentrations for a period of t thg®Hd of the incubation, luciferase activity was measured
with the BRIGHT-GLOTm substtate e luminescence quantified (CPS) in each well of the culture
plate reflected the amount af HC\WRNA repligafion. The level of inhibition (% inhibition) in each well
containing inhibitor was cal}ziﬁ&gh the fojowing equation: % inhibition = 100- [100 x CPS
(inhibitor) CPS (control)]. The tojconcentratioh giving 50 % inhibition of I-ICV RNA replication (EC50)
was determined by the norsj ar regression routine NUN procedure of SAS. The EC50 of mutant NS3
were compared to the baselije EC50 and used to generate fold-change values. The predominant
genotype in resistan ations in on-treatment viral rebound samples 15encoded an R155K
substitution, and othe or variants Wére detected by clonal sequence analysis at this position.
R155K variants conferred reductions in sensitivity to Bl 201335 with the range of EC)( values of 1.8 -
6.5 uM. Thé&genotyipdeliondttizegihainly encoded changes at D168, with valine as a predominant
substitutioncand ethesRinor variants detected by sensitive clonal sequencing. EC50 values for D168
variants ranged 3.6 - 15 20itM. Thjs profil be attrjbutable, .in part ifferent mutational bather
o resistance T HAB BT SB S (R Ole Mbtre AR SPATEE the codon o
lysine) versoEdenongbevistithanreruiass ssmwiane dotdé substitutions to encode a change to lysinc.

2. The use according to claim 1, whereby the medicament comprises

{(a) a first pharmaceutical composition comprising a compound of the following formula (1)

or a pharmaceutically acceptable salt thereof:
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CLAIMS 1.The use of the combination of: (a)a compound of the following formula (1) or a
pharmaceutically acceptable salt thereof: (b) interferon alpha; and (c) ribavirin for the manufacture of
a medicament for the treatment of hepatitis C viral (1-ICY) genotype 1 infection or alleviating one or
more symptoms thereof. 2.The use according to claim 1, whereby the medicament comprises (a)a first
pharmaceutical composition comprising a compound of the following formula (1) or a phaimaccutically
acceptable salt thereof: (b) a second pharmaceutical composition comprising interferon alpha; and (c)

a third pharmaceutical composition comprisiQg yibavirin. 3. The use according to claims 1 or 2,
whereby the components (a), (b) and (cgr’e resent in the medicament in a therapeutically effective
or

amount. 4. The use accaxdi m herein the medicament is for the treatment of hepatitis
e i | iating one or more symptoms thereof in a treatment-naive
patient. 5. The use acg Flaim 1 or 2, wherein the medicament is for the treatment of hepatitis

non-responsive to a combinatipn therapy using ribavirin and an interferon alpha. 6. The use according
to claim 1 or 2, wherein the mgfadjcament istor thOthreatment of hepatitis C viral (HCV) genotype 1
infection or alleviating one or mgre symptasAngreof in a patient whereby the HCV-RNA levels in the

to claim 1 or 2, wherein sai
claim 1 or 2, wherein the a
thereof is at least 40 mg per da
amount of ribavirin is selec
mg/day. 10. The use agcor

« 9. The use according to claim 1 or 2, wherein the administered
rom 400 mg/day, 600 mg/day, 800 mg/day, 1000 mg/day, or 1200
g to claim 1 or 2, wherein interferon alpha is administered once a week.

&)
(b) a second pharmaceutical composition comprising interferon alpha; and
(c) a third pharmaceutical composition comprising ribavirin,
3. The use according to claims 1 or 2, whereby the components (a), (b) and (¢) are present

in the medicament in a therapeutically effective amount.

4. The use according to claim 1 or 2, wherein the medicament is for the treatment of
hepatitis C viral (HCV) genotype 1 infection or alleviating one or more symptoms thereof in a

treatment-naive patient.

s. 'The use according to claim 1 or 2, wherein the medicament is for the treatment of
hepatitis C viral (HCV) genotype 1 infection or alleviating one or more symptoms thereof in a

patient that is non-responsive to a combination therapy using ribavirin and an interferon alpha.
6. The use according to claim ! or 2, wherein the medicament is for the treatment of

hepatitis C viral (HCV) genotype 1 infection or alleviaﬁng one or more symptoms thereof in a

patient
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11. The use according to claim 1 or 2, wherein said interferon alpha is a pegylated interferon alfa. 12.
The use according to claim 11, wherein the pegylated interferon alfa is pegylated interferon alfa-2a
administered at a dosage of about 90 to about 200 ug/week or is pegylated interferon alfa-21)
administered at a dosage of about 0.5 ug/kg/week to about 2 pg/kg/week. 13. The use according to
claim 1 or 2, wherein the treatment is for HCV infection of genotype 1 in a patient that is
non-responsive to a combination therapy using ribavirin and an interferon, the compound (1) or a
pharmaceuigaly arceRiabia sall herealisAdminisialedin an.amaunt.ol beteen about 48 mo per
day and about 320 mg per day and w erein the interteron affa is pegy?ate intérteron aita-2a or
pegylated intebfereinaifa-2b. 14. The use according to claim | or 2, wherein the compound (1) or a
pharmaceutically acceptable salt thereof is administered once a day; the ribavirin is administered twice
a day; and the interferon alfa js administered qnce a week. 15. The use according to.claim 1 or 2,
Avherein there s e A R et SRR 8 o mcia
substitution¥eskone or more of: R155, DI 68, or Also. 16. A kit comprising: (a)a first pharmaceutical
composition comprising a compound of the following formula (1) or a pharmaceutically acceptable salt
thereof: (b)a second pharmaceulical.composition.comarisine. jnieyieron, alpha; and. (), hird
pharmaceutical composition comprising ribavirin, wherein sal kit 1s for use Fo?%e?rea%ment of

hepatitis C ¥itaA HEY) GeneRsine Tt tisieor ifor lneviaiigreh&@br more symptoms thereof.

9. The use according to claim 1 or 2, wherein the administered amount of ribavirin is

selected from 400 mg/day, 600 mg/day, 800 mg/day, 1000 mg/day, or 1200 mg/day.

10. The use according to claim 1 or 2, wherein interferon alpha is administered once a week.

1L The use according to claim 1 or 2, wherein said interferon alpha is a pegylated interferon
alfa.
12. The use according to claim 11, wherein the pegylated interferon alfa is pegylated

interferon alfa-2a administered at a dosage of about 90 to about 200 ug/week or is pegylated

interferon alfa-2b administered at a dosage of about 0.5 pg/kg/week to about 2 pg/ke/week.

13. The use according to claim I or 2, wherein the treatment is for HCV infection of
genotype 1 in a patient that is non-responsive to a combination therapy using ribavirin and an
interferon, the compound (1) or a pharmaceutically acceptable salt thereof is administered in an
amount of between about 48 mg per day and about 240 mg per day and wherein the interferon

alfa is pegvlated interferon alfa-2a or pegylated interferon alfa-2b,

-39.



14. The use according to claim ! or 2, wherein the compound {1) or a pharmaceutically
acceptable salt thereof is administered once a day; the ribavirin is administered twice a day; and

the interferon alfa is administered once a week.

15. The use according to claim 1 or 2, wherein there is limited or no emergence of HCV
variants that encode HCV NS3 protease amino acid substitutions at one or more of: R155, D168,

or Al156.

16. A kit comprising:
(a) a first pharmaceutical composition comprising a compound of the following formula (1)

or a pharmaceutically acceptable salt thereof:

0
T e

{2)] a second pharmaceutical composition comprising interferon alpha; and
{c) a third pharmaceutical composition comprising ribavirin,
wherein said kit is for use for the treatment of hepatitis C viral (HCV) genotype 1 infection or for

alleviating one or more symptoms thereof.

T



