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THERAPIES FOR TREATING HEPATITIS C VIRUS INFECTION

ATTORNEY Docket No.: VPI/10-112 WO

RELATED APPLICATIONS

[001] This application claims priority to U.S. Provisional Application Nos. 61/299,643 filed
on January 29, 2010, 61/308,506 filed on February 26, 2010, 61/309,117 filed on March 1,
2010, and 61/324,395 filed on April 15, 2010. The entire teachings of these applications are

incorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION

[002] The present invention relates to methods for treating Hepatitis C virus infections.

BACKGROUND OF THE INVENTION
[003] Infection by Hepatitis C virus (“HCV™) 1s a compelling human medical problem.
HCYV 1s recognized as the causative agent for most cases of non-A, non-B hepatitis, with an

estimated human sero-prevalence of 3% globally (see, e.g., A. Alberti1 et al., “Natural History
of Hepatitis C,” J. Hepatology, 31 (Suppl. 1), 17-24 (1999)). Nearly four million individuals

may be infected 1in the United States alone (see, e.g., M.J. Alter et al., “The Epidemiology of
Viral Hepatitis 1in the United States, Gastroenterol. Clin. North Am., 23, 437-455 (1994); M.
J. Alter, “Hepatitis C Virus Infection 1n the United States,” J. Hepatology, 31 (Suppl. 1), 88-
91 (1999)).

[004] Of persons who become infected with HCV, 20-25% may be able to clear the virus

after the acute infection, but 75-80% will develop chronic Hepatitis C infection. (See, e.g.,

preface, Frontiers in Viral Hepatitis, Ed. RF Schinazi, J-P Sommadossi, and CM Rice, p. x1.,

Elsevier (2003)). This usually results in recurrent and progressively worsening liver
inflammation, which often leads to more severe disease states such as cirrhosis and

hepatocellular carcinoma (see, e.g., M.C. Kew, “Hepatitis C and Hepatocellular Carcinoma”,

FEMS Microbiology Reviews, 14, 211-220 (1994); 1. Saito et. al., “Hepatitis C Virus

Infection 18 Associated with the Development of Hepatocellular Carcinoma,” Proc. Natl.

Acad. Sci. USA, 87, 6547-6549 (1990)). Unfortunately, there are no broadly effective

treatments for the debilitating progression of chronic HCV.

[005] The HCV genome encodes a polyprotein of 3010-3033 amino acids (see, e.g., Q.L.
Choo, et. al., “Genetic Organization and Diversity of the Hepatitis C Virus,” Proc. Natl.
Acad. Sci. USA, 88, 2451-2455 (1991); N. Kato et al., “Molecular Cloning of the Human

_1-
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Hepatitis C Virus Genome From Japanese Patients with Non-A, Non-B Hepatitis,” Proc.

Natl. Acad. Sci. USA, 87, 9524-9528 (1990); A. Takamizawa et al., “Structure and

Organization of the Hepatitis C Virus Genome Isolated From Human Carriers,” J. Virol., 65,

1105-1113 (1991)0. The HCV nonstructural (NS) proteins are presumed to provide the

essential catalytic machinery for viral replication. The NS proteins are derived by proteolytic
cleavage of the polyprotein (see, e.g., R. Bartenschlager et. al., “Nonstructural Protein 3 of

the Hepatitis C Virus Encodes a Serine-Type Proteinase Required for Cleavage at the NS3/4
and NS4/5 Junctions,” J. Virol., 67, 3835-3844 (1993); A. Grakoui et. al., “Characterization

of the Hepatitis C Virus-Encoded Serine Proteinase: Determination of Proteinase-Dependent

Polyprotein Cleavage Sites,” J. Virol., 67, 2832-2843 (1993); A. Grakou et. al., “Expression

and Identification of Hepatitis C Virus Polyprotein Cleavage Products,” J. Virol., 67, 1385-

1395 (1993); L. Tomei et. al., “NS3 1s a serine protease required for processing of hepatitis C
virus polyprotein”, J. Virol., 67, 4017-4026 (1993)).

[006] The HCV NS protein 3 (NS3) contains a serine protease activity that helps process the
majority of the viral enzymes, and 1s thus considered essential for viral replication and
infectivity. It 1s known that mutations in the yellow fever virus NS3 protease decreases viral
infectivity (see, e.g., Chambers, T.J. et. al., “Evidence that the N-terminal Domain of
Nonstructural Protein NS3 From Yellow Fever Virus 1s a Serine Protease Responsible for
Site-Specific Cleavages 1n the Viral Polyprotein”, Proc. Natl. Acad. Sci. USA, 87, 8898-8902
(1990)). The first 181 amino acids of NS3 (residues 1027-1207 of the viral polyprotein) have

been shown to contain the serine protease domain of NS3 that processes all four downstream
sites of the HCV polyprotein (see, ¢.g., C. Lin et al., “Hepatitis C Virus NS3 Serine
Protemnase: Trans-Cleavage Requirements and Processing Kinetics”, J. Virol., 68, 8147-
8157 (1994)).

[007] The HCV NS3 serine protease and 1ts associated cofactor, NS4A, help process all of

the viral enzymes, and 1s thus considered essential for viral replication. This processing
appears to be analogous to that carried out by the human immunodeficiency virus aspartyl
protease, which 1s also involved 1n viral enzyme processing. HIV protease inhibitors, which
inhibit viral protein processing are potent antiviral agents in man, indicating that interrupting
this stage of the viral life cycle results 1n therapeutically active agents. Consequently 1t 1s an
attractive target for drug discovery.

[008] There are not currently any satisfactory anti-HCV agents or treatments. Until recently,
the only established therapy for HCV disease was interferon treatment. The first approved

therapy for HCV infection was treatment with standard (non-pegylated) interferon-alfa.

-
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However, interferons have significant side etfects (see, e.g., M. A. Wlaker et al., “Hepatitis C

Virus: An Overview of Current Approaches and Progress,” DDT, 4, 518-29 (1999); D.

Moradpour et al., “Current and Evolving Therapies for Hepatitis C,” Eur. J. Gastroenterol.
Hepatol., 11, 1199-1202 (1999); H. L. A. Janssen et al. “Suicide Associated with Alfa-
Interferon Therapy for Chronic Viral Hepatitis,” J. Hepatol., 21, 241-243 (1994); P.F.
Renault et al., “Side Effects of Alpha Interferon,” Seminars 1in Liver Disease, 9, 273-277,

(1989)) and mterferon alfa monotherapy induces long term remission in only a fraction (~
25%) of cases (see, e.g., O. Weiland, “Interferon Therapy in Chronic Hepatitis C Virus
Infection”, FEMS Microbiol. Rev., 14, 279-288 (1994)). The addition of ribavirin to the

treatment regimen increases response rates slightly. Recent introductions of the pegylated
forms of interferon (PEG-INTRON®™ and PEGASYS™), which has also been combined with
ribavirin have resulted 1n only modest improvements 1in remission rates and only partial
reductions 1n side effects. The current standard of care 1s a treatment regimen lasting 24-48
weeks, depending on prognostic factors such as HCV genotype and demonstration of initial
response to therapy. Moreover, the prospects for effective anti-HCV vaccines remain
uncertain.

[009] Thus, there 1s a need for anti-HCYV therapies and appropriate dose regimens for anti-
HCV compounds.

[010] HCV and other diseases and disorders are associated with liver damage. There 18 also

a need for therapies and appropriate dose regimens for treating liver damage.

SUMMARY OF THE INVENTION

[011] The present invention generally provides a treatment for Hepatitis C virus (HCV)
infections. The mvention also generally provides for the prevention of the clinical sequelae
of Hepatitis C viral infections.

[012] In one aspect, the present invention 1s directed to a method of improving the
pharmacokinetics of VX-222 1n a patient infected with HCV. The method comprises co-
administering VX-222 and VX-950 to the patient.

[013] In another aspect, the present invention 1s directed to a method of increasing the
exposure of VX-222 1n the plasma of a patient infected with HCV. The method comprises
administering VX-222 and VX-950 to the patient.

[014] In another aspect, the present invention 1s directed to a method of treating a patient

infected with HCV. The method comprises administering VX-222 and VX-950 to the
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patient, wherein VX-222 1s 1n an amount of about 20 mg to about 400 mg, and wherein VX-
950 18 1n an amount of about 100 mg to about 1500 mg.

[015] In yet another aspect, the present invention 1s directed to a method of treating a patient
infected with HCV, comprising administering a therapeutically effective amount of VX-222,
wherein VX-222 1s administered at an amount of about 20 mg to about 2,000 mg once a day.
[016] In yet another aspect, the present invention 1s directed a pharmaceutically acceptable
composition, comprising: a) VX-222 1in an amount of about 20 mg to about 400 mg; and b)
VX-950 18 1n an amount of about 100 mg to about 1500 mg.

[017] The present invention also provides use of VX-222 and VX-950 m the manufacture of
a medicament for increasing bioavailability of VX-222 1n a patient infected with HCV.

[018] The present invention also provides use of VX-222 and VX-950 1 the manufacture of
a medicament for increasing bioavailability or exposure of VX-222 1n the plasma of a patient
infected with HCV.

[019] The present invention also provides use of VX-222 and VX-950 1 the manufacture of
a medicament for treating a patient infected with HCV, wherein VX-222 1s 1n an amount of
about 20 mg to about 400 mg, and wherein VX-950 1s 1n an amount of about 100 mg to about
1500 mg.

[020] The present invention also provides use of VX-222 1n the manufacture of a
medicament for treating a patient infected with HCV, wherein VX-222 1s administered at an

amount of about 20 mg to about 2,000 mg, or about 50 mg to about 2,000 mg, once a day.

BRIEF DESCRIPTION OF THE FIGURES

[021] FIGs. 1 and 2 are charts showing the study design of certain embodiments of the
invention.

[022] FIGs. 3-8 are charts showing the study results of one embodiment of the invention.
[023] FIG. 9 shows a graph showing plasma levels of a prodrug of Compound 1 and its

conversion 1into an active metabolite after dosing of the prodrug.

DETAILED DESCRIPTION OF THE INVENTION

[0100] This invention relates to specific doses and dosage regimens for administering VX-
222. For the purpose of this invention, VX-222 includes Compound 1 and pharmaceutically
acceptable salts, solvates, and prodrugs thereof, and also pharmaceutically acceptable

solvates of a prodrug of Compound 1, wherein Compound 1 1s represented by the following



CA 02788348 2012-07-26

WO 2011/094489 PCT/US2011/022854
OH
N
i °
— S
OH

structural formula:

(1).

VX-222 1s a NS5B polymerase inhibitor, and described in WO 2008/058393.

[024] This invention also relates to specific doses and dosage regimens for administering
VX-950. VX-950 1s a competitive, reversible peptidomimetic NS3/4A protease inhibitor
with a steady state binding constant (ki*) of 7nM. See, ¢.g., WO 02/018369. For the
purpose of this invention, VX-950 includes Compound 2 and pharmaceutically acceptable
salts and prodrugs of Compound 2, wherein Compound 2 1s represented by the following

structural formula:
[
Clor L X
[+ - [+
O o

(2).

VX-950 1s described in PCT Publication Numbers WO 02/018369, WO 2006/050250, and
WO 2008144072. Other descriptions of VX-950 can be found 1n PCT Publication Numbers
WO 07/098270 and WO 08/106151.

[025] As used herein, the phrase “pharmaceutically acceptable salt(s)” refers to the salts that
are safe and effective for treatment of HCV 1nfections. Pharmaceutically acceptable acid
addition salts include, but are not limited to, hydrochloride, hydrobromide, hydroiodide,
nitrate, sulfate, bisulfate, phosphate, acid phosphate, 1sonicotinate, acetate, and lactate salts.
Pharmacecutically acceptable salts with various amino acids can also be used, and use of these
amino acid salts 1s also within the scope of this invention. Suitable base salts include, but are

not limited to, aluminum, calcium, lithium, magnesium, potassium, sodium, zinc, and
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diethanolamine salts. For a review on pharmaceutically acceptable salts, see Berge et al., J.
Pharm. Sci., 66, 1-19 (1977), the contents of which are incorporated herein by reference.
[026] Specific examples of pharmaceutically acceptable salts of Compound 1 are described
in WO 2008/058393, such as salts derived from amino acids (e.g. L-arginine, L-Lysine), salts
dertved from appropriate bases include alkali metals (e.g. sodium, lithium, potassium),
alkaline earth metals (e.g. calcium, magnesium), ammonium, NR,  (where R is C; . 4 alkyl)
salts, choline and tromethamine salts. In one embodiment, the pharmaceutically acceptable
salt 1s a sodium salt. In another embodiment, the pharmaceutically acceptable salt 1s a
lithium salt. In yet another embodiment, the pharmaceutically acceptable salt 1s a potassium
salt. In yet another embodiment, the pharmaceutically acceptable salt 1s a tromethamine salt.
In yet another embodiment, the pharmaceutically acceptable salt 1s an L- arginine salt.

[027] As used herein, the phrase a “pharmaceutically acceptable prodrug” of Compound 1
refers to a compound that may be converted under physiological conditions or by solvolysis
to Compound 1 or to a pharmaceutically acceptable salt of Compound 1 prior to exhibiting
its pharmacological effect in the treatment of HCV infections. As used herein, the phrase a
“pharmaceutically acceptable prodrug” of Compound 2 refers to a compound that may be
converted under physiological conditions or by solvolysis to Compound 2 or to a
pharmaceutically acceptable salt of Compound 2 prior to exhibiting its pharmacological
effect in the treatment of HCV 1infections. Typically, the prodrugs are formulated with the
objectives of improved chemical stability, improved patient acceptance and compliance,
improved bioavailability, prolonged duration of action, improved organ selectivity, improved
formulation (e.g., increased hydrosolubility), or decreased side effects (e.g., toxicity).

[028] A pharmacecutically acceptable prodrug can be readily prepared using methods known
in the art, such as those described in Burger’s Medicinal Chemistry and Drug Chemistry,
Vol. 1, 172-178 and 949-982, John Wiley & Sons (1995). See also Bertolini et al., J. Med.
Chem., 40, 2011-2016 (1997); Shan et al., J. Pharm. Sci., 86(7), 765-767 (1997); Bagshawe,
Drug Dev. Res., 34, 220-230 (1995); Bodor, Advances in Drug Res., 13, 224-331 (1984);
Bundgaard, Design of Prodrugs, Elsevier Press (1985); and Larsen, Design and Application
of Prodrugs, Drug Design and Development (Krogsgaard-Larsen et al., eds.), Harwood
Academic Publishers (1991).

[029] Specitfic examples of prodrugs of Compound 1 include those described in U.S.S.N.
61/359,164 tiled on June 28, 2010:
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F , G ,and H

[030] It will further be appreciated by those skilled 1n the art that the compounds described
herein can exist in different solvate forms, for example hydrates, and yet retains the
biological effectiveness. Such solvates may also form when solvent molecules are

incorporated into the crystalline lattice structure of the compound molecule during the
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crystallization process. As used herein, the phrase a “pharmaceutically acceptable solvate”
of Compound 1 refers to a pharmaceutically acceptable solvate form of Compound 1 that
contains solvent molecule(s) and retains the biological effectiveness of Compound 1. As
used herein, the phrase a “pharmaceutically acceptable solvate” of a prodrug of Compound 1,
refers to a pharmaceutically acceptable solvate form of a prodrug of Compound 1 that
contains solvent molecule(s) and retains the biological effectiveness of Compound 1.

[031] Compounds that differ from Compound 1 and Compound 2 only 1n the presence of
one or more 1sotopically enriched atoms are covered 1n the invention. For example,
compounds having the present structures except for the replacement of hydrogen by
deuterium or tritium, or the replacement of a carbon by a >C- or *C-enriched carbon are
within the scope of this invention. Certain examples of 1sotopically enriched Compound 2
can be found in WO 2007/109080 and Maltais et al., J. of Medicinal Chemistry, "In Vitro
and In Vivo Isotope Effects with Hepatitis C Protease Inhibitors: Enhanced Plasma Exposure
of Deuterated Telaprevir versus Telaprevir in Rats" 2009;52(24):7993-8001.

[032] Compound 1 and Compound 2 may each independently contain one or more
asymmetric carbon atoms and thus may occur as racemates and racemic mixtures, single
enantiomers, diastereomeric mixtures and individual diastereomers. All such 1someric forms
of these compounds are expressly included 1n the present invention. Each stereogenic carbon
may be of the R or S configuration. The D- and L-1somers at the N-propyl side chain of
Compound 2 are expressly included within the scope of this invention.

[033] It will be appreciated by those skilled 1n the art that the compounds described herein
can e¢xist 1in different polymorphic forms. As known 1n the art, polymorphism 1s an ability of
a compound to crystallize as more than one distinct crystalline or "polymorphic" species. A
polymorph 1s a solid crystalline phase of a compound with at least two different
arrangements or polymorphic forms of that compound molecule 1n the solid state.
Polymorphic forms of any given compound are defined by the same chemical formula or
composition and are as distinct in chemical structure as crystalline structures of two different
chemical compounds.

[034] In one aspect, for any one of the embodiments of the invention described below, VX-
222 1s Compound 1, or a pharmaceutically acceptable salt, solvate or prodrug thereof, or a
solvate of a prodrug of Compound 1; and VX-950 1s Compound 2, or a pharmaceutically
acceptable salt or prodrug thereof.

[035] In another aspect, for any one of the embodiments of the invention described below,

VX-222 1s Compound 1, or a pharmaceutically acceptable salt, solvate or prodrug thereof, or

]
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a solvate of a prodrug of Compound 1; and VX-950 1s Compound 2 or a pharmaceutically
acceptable salt thereof.

[036] In yet another aspect, for any one of the embodiments of the invention described
below, VX-222 1s Compound 1, or a pharmaceutically acceptable salt, solvate or prodrug
thereof, or a solvate of a prodrug of Compound 1; and VX-950 1s Compound 2.

[037] In yet another aspect, for any one of the embodiments of the invention described
below, VX-222 1s Compound 1, or a pharmaceutically acceptable salt or solvate, or prodrug
thereof; and VX-950 1s Compound 2, or a pharmaceutically acceptable salt or prodrug
thereof.

[038] In yet another aspect, for any one of the embodiments of the invention described
below, VX-222 1s Compound 1, or a pharmaceutically acceptable salt or solvate, or prodrug
therecof; and VX-950 1s Compound 2 or a pharmaceutically acceptable salt thereof.

[039] In yet another aspect, for any one of the embodiments of the invention described
below, VX-222 1s Compound 1, or a pharmaceutically acceptable salt or solvate, or prodrug
thereof; and VX-950 1s Compound 2.

[040] In yet another aspect, for any one of the embodiments of the invention described
below, VX-222 1s Compound 1, or a pharmaceutically acceptable salt or solvate thereof; and
VX-950 1s Compound 2, or a pharmaceutically acceptable salt or prodrug thereotf.

[041] In yet another aspect, for any one of the embodiments of the invention described
below, VX-222 1s Compound 1, or a pharmaceutically acceptable salt or solvate thereof; and
VX-950 1s Compound 2 or a pharmaceutically acceptable salt thereof.

[042] In yet another aspect, for any one of the embodiments of the invention described
below, VX-222 1s Compound 1, or a pharmaceutically acceptable salt or solvate thereof; and
VX-950 1s Compound 2.

[043] In yet another aspect, for any one of the embodiments of the invention described
below, VX-222 1s Compound 1 or a pharmaceutically acceptable salt thereof; and VX-950 1s
Compound 2, or a pharmaceutically acceptable salt or prodrug thereof.

[044] In yet another aspect, for any one of the embodiments of the invention described
below, VX-222 1s Compound 1 or a pharmaceutically acceptable salt thereof; and VX-950 1s
Compound 2 or a pharmaceutically acceptable salt thereof.

[045] In yet another aspect, for any one of the embodiments of the invention described
below, VX-222 1s Compound 1 or a pharmaceutically acceptable salt thereof; and VX-950 1s
Compound 2.
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[046] In yet another aspect, for any one of the embodiments of the invention described
below, VX-222 1s Compound 1; and VX-950 1s Compound 2, or a pharmaceutically
acceptable salt or prodrug thereof.

[047] In yet another aspect, for any one of the embodiments of the invention described
below, VX-222 1s Compound 1; and VX-950 1s Compound 2 or a pharmaceutically
acceptable salt thereof.

[048] In yet another aspect, for any one of the embodiments of the invention described
below, VX-222 1s Compound 1; and VX-950 1s Compound 2.

[049] In one embodiment, the present invention 1s directed to methods of improving the
pharmacokinetics of VX-222 1n a patient infected with HCV. The method comprises co-
administering VX-222 and VX-950 to the patient. The improved pharmacokinetics of VX-
222 include an increase 1n the exposure of VX-222 1n the plasma, blood, or liver of the
patient. In another embodiment, the present invention 1s directed to methods of increasing
the exposure of VX-222 1n the plasma of a patient infected with HCV. The exposure of VX-
222, for example, 1n the plasma, can be measured by a trough level (Ciouen), an average
plasma concentration (C,y,), the maximum plasma concentration (Cpax), or an AUC (area
under curve) value, of VX-222. As used herein, the term “trough level” (Ciougn) refers to the
concentration of a drug in plasma just before the next dose, or the minimum drug
concentration between two doses. As used herein, the term “AUC" refers to the area under
the plasma (serum, or blood) concentration versus time curve. In a specific embodiment, the
exposure of VX-222 1s indicated with a value of AUCy 1, (from zero to 12 hours). In another
specific embodiment, the exposure of VX-222 1s indicated with a value of AUCq.»4 (from
zero 10 24 hours).

[050] The increase of the exposure of VX-222 by co-administration of VX-950 can be
determined by comparison of the exposure of VX-222 administered without VX-950 with
that of VX-222 co-administered with VX-950. In one specific embodiment, the exposure of
VX-222 1s increased by about a two- to six-fold compared to that of VX-222 administered
without VX-950. In one specific embodiment, the exposure of VX-222 1s increased by about
a two- to five-fold compared to that of VX-222 administered without VX-950. In one
specific embodiment, the exposure of VX-222 1s increased by about a two- or three-fold
compared to that of VX-222 administered without VX-950. In some specific embodiments,
the 1ncrease 1s 1n the plasma exposure of VX-222.

[051] In the invention, the amount of VX-950 at each administration can be from about 100

mg to about 1,500 mg, from about 300 mg to about 1,500 mg, from about 500 mg to about
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1,500 mg, from about 300 mg to about 1,250 mg, about 450 mg, about 750 mg, or about
1,250 mg. In some specific embodiments, VX-950 1s 1n an amount of about 750 mg at each
administration. In some specific embodiments, VX-950 1s in an amount of about 1,125 mg at
cach administration. Suitable examples of the amounts of VX-950 are described in WO
2008/144072 and WO 06/050250, the entire teachings of which are incorporated herein by
reference.

[052] In the invention, the amount of VX-222 at each administration can be from about from
about 20 mg to about 2,000 mg, from about 50 mg to about 2,000 mg, from about 100 mg to
about 1,500 mg, from about 100 mg to about 1,250 mg, from about 100 mg to about 1,000
mg, about 100 mg, about 250 mg, about 400 mg, or about 750 mg. In some specific
embodiments, VX-222 1s in an amount of about 100 mg at each administration. In some
specific embodiments, VX-222 1s 1n an amount of about 250 mg at each administration. In
some specific embodiments, VX-222 1s in an amount of about 400 mg at each administration.
In some specific embodiments, VX-222 1s 1n an amount of about 750 mg at each
administration. In some specific embodiments, VX-222 18 1n an amount of about 1,000 mg at
cach administration. In some specific embodiments, VX-222 1s 1n an amount of about 1,500
mg at cach administration. In some specific embodiments, VX-222 1s in an amount of about
500 mg at each administration. In some specific embodiments, VX-222 1s in an amount of
about 1,125 mg at each administration. In some specific embodiments, VX-222 18 1n an
amount of about 1,250 mg at cach administration.

[053] In yet another embodiment, the present invention 1s directed to methods of treating a
patient infected with HCV, comprising administering of VX-222 and VX-950 to the patient.
In a specific embodiment, VX-222 1s 1n an amount of from about 20 mg to about 2,000 mg,
such as from about 50 mg to about 1,500 mg, at cach administration, and VX-950 1s 1in an
amount of from about 100 mg to about 1,500 mg, such as from about 300 mg to about 1,500
mg, at cach administration. In another specific embodiment, VX-222 1s 1n an amount of from
about 20 mg to about 400 mg, such as from about 50 mg to about 400 mg, at cach
administration, and VX-950 1s 1n an amount of from about 100 mg to about 1500 mg at each
administration. In yet another specific embodiment, VX-222 1s in an amount of equal to, or
orcater than, 20 mg and less than 400 mg at cach administration. In yet another specific
embodiment, VX-222 1s in an amount of from about 20 mg to about 300 mg at each
administration. In yet another specific embodiment, VX-222 1s in an amount of from about
50 mg to about 300 mg at cach administration. In yet another specific embodiment, VX-222

1s 1n an amount of about 100 mg at each administration. In yet another specific embodiment,
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VX-222 1s 1n an amount of about 400 mg at cach administration. In yet another specific
embodiment, VX-950 1s 1n an amount of from about 300 mg to about 1,500 mg at cach
administration. In yet another specific embodiment, VX-950 1s in an amount of from about
500 mg to about 1,500 mg at each administration. In yet another specific embodiment, VX-
950 1s 1n an amount of about 750 mg at cach administration. In yet another specific
embodiment, VX-950 1s 1n an amount of about 1,125 mg at each administration.

[054] In yet another embodiment, the present invention 1s directed to methods of treating a
patient infected with HCV, comprising administering VX-222, wherein VX-222 1s
administered at an amount of about 20 mg to about 2,000 mg. Specifically, the amount of
VX-222 can be from about 100 mg to about 1,500 mg, from about 100 mg to about 1,250
mg, from about 100 mg to about 1,000 mg, about 100 mg, about 250 mg, about 400 mg,
about 500 mg, about 750 mg, about 1000 mg, about 1125 mg, or about 1250 mg, at each
administration. In some embodiments, VX-222 1s administered once a day. In a specific
embodiment, the methods comprise administering VX-222 at an amount of about 50 mg to
about 2,000 mg once a day. In some specific embodiments, the amount of VX-222
administered 1s about 100 mg once a day. In some specific embodiments, the amount of VX-
222 administered 1s about 250 mg once a day. In some specific embodiments, the amount of
VX-222 administered 1s about 400 mg once a day. In some specific embodiments, the
amount of VX-222 administered 1s about 500 mg once a day. In some specific embodiments,
the amount of VX-222 administered 1s about 750 mg once a day. In some specific
embodiments, the amount of VX-222 administered 1s about 1,000 mg once a day. In some
specific embodiments, the amount of VX-222 administered 1s about 1,250 mg once a day. In
some specific embodiments, the amount of VX-222 administered 1s about 1,125 mg once a
day. In some specific embodiments, the amount of VX-222 administered 1s about 1,500 mg
once a day.

[055] In a specific embodiment, the methods of treating a patient infected with HCV by
employing administration of VX-222 from about 20 mg to about 2,000 mg (or from about 50
mg to about 2,000 mg, or any specific dosage regimens discussed above) once a day and
further administration of one or more additional HCV drugs other than VX-222. Suitable
examples of the additional HCV drugs are described below 1n detail, which include VX-9350,
interferon, and ribavirin. In a further specific embodiment, VX-950 1s co-administered.
Typical examples of the amounts of VX-950 are as described above. In another further
specific embodiment, an interferon (e.g., pegylated interferon, such as pegylated interferon

alpha-2a or pegylated mterferon alpha-2b) with or without ribavirin 1s co-administered. In
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another further specific embodiment, VX-950; an interferon (e.g., pegylated interferon, such
as pegylated interferon alpha-2a or pegylated interferon alpha-2b); and ribavirin 1s co-
administered.

[056] In yet another embodiment, the present invention provides pharmaceutically
acceptable compositions comprising VX-222 1n an amount of about 20 mg to about 2,000
mg; and VX-950 1n an amount of from about 100 mg to about 1,500 mg. Optionally, a
pharmaceutically acceptable carrier can also be included. In a specific embodiment, the
present invention provides pharmaceutically acceptable compositions comprising VX-222 1n
an amount of from about 20 mg to about 1,500 mg, or from about 50 mg to about 1,500 mg.
In another specific embodiment, the amount of VX-950 1n these pharmaceutical
compositions 1s from about 300 mg to about 1500 mg, from about 300 mg to about 1250 mg,
from about 300 mg to about 1,000 mg, from about 300 mg to about 750 mg, or about 375
mg. In another specific embodiment, the amount of VX-222 1n these pharmaceutical
compositions 1s equal to, or greater than 50 mg and less than 400 mg, from about 50 mg to
about 300 mg, about 50 mg, about 100 mg, or about 200 mg. Each of these pharmaceutical
compositions can be administered, ¢.g., once, twice, or three times per day. Each of these
compositions can be 1n one or more dosage forms (e.g., ampule, capsule, cream, emulsion,
fluid, grain, drop, 1njection, suspension, tablet, powder). Each of these pharmaceutical
compositions can be administered by one or more routes (e.g., orally, by infusion, by
injection, topically, or parenterally) as considered appropriate by a skilled person in the art
and depending on the dosage form.

[057] In general, in the methods of the invention described above, each of VX-222 and VX-
950 can independently be administered once a day (QD), twice a day (e.g., BID; q12h), three
times a day (e.g., TID; q8h), or four times a day. Each of VX-222 and VX-950 may
independently be administered with or without food.

[058] In some embodiments, the methods of the invention include administering to the
patient VX-950 (a) in an amount of about 450 mg each time, 3 times per day, once every 8
hours; (b) 1n an amount of about 750 mg each administration, 3 times per day, once every 8
hours; (¢) 1n an amount of about 1,125 mg cach administration, 2 times per day, once every
12 hours; or (d) in an amount of about 1250 mg each time , 2 times per day, once every 1
hours.

[059] In some embodiments, the methods of the invention includes administering to the
patient an oral dose of a composition comprising VX-950, wherein said dose provides to the

patient an average plasma concentration (Caye) of VX-950 of at least about 750 ng/mL after
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the administration. In some embodiments, the C,,, 0of VX-950 1s about 1000 ng/mL or about
1250 ng/mL. In some embodiments, said dose essentially contains about 750 mg of VX-950.
In some embodiments, the C,y, 1s obtained or attained within 3 hours (e.g., 2 hours or 1 hour)
after administration of VX-950. In some embodiments, the C,y, 0f VX-950 1s maintained
over about 24 hours (e.g., 5 weeks or 12 weeks).

[060] In some embodiments, the methods of the invention includes administering to the
patient VX-950, wherein the trough VX-950 plasma level 1s maintained at a minimum of
about 750, 800, 900, or 1000 ng/mL over a 24 hour period. Without being bound by theory,
trough levels of more than about 1500 ng/mL are thought to be not required by this
invention. Accordingly, trough levels of about 750, 800, 900, 1000 ng/mL to about 1500
ng/mL (particularly 1000 to about 1500) are within the scope of this invention.

[061] Ideally, when a method of this invention involves treating a patient infected with
HCV, the method involves achieving, relatively rapidly, a therapeutically effective plasma
concentration of VX-950 and then maintaining the trough level such that an effective
therapeutic response 1s achieved. An effective therapeutic response 1s, preferably, one or
both of a) achieving a sustained viral response; and b) achieving undetectable HCV RNA 1n
the plasma by at least 12 weeks (12 weeks or more). As used herein, HCV RNA being
“undetectable” means that the HCV RNA 1s present 1n less than 10 IU/mL as determined by
assays currently commercially available, and preferably as determined by the Roche COBAS
TagMan' " HCV/HPS assay.

[062] The relatively rapid drop 1n plasma concentration may be obtained by administering a
loading dose to a patient. In one embodiment, the loading dose 1s about 1250 mg of VX-950.
[063] In some embodiments, the methods of the invention comprise co-administering VX-
950, and VX-950 1s 1n a dosage form containing about 750 mg of VX-950 (e.g., two tablets
of about 375 mg of VX-950) and the dosage form 1s administered three times per day, e.g.,
once every & hours (1.e., q8h). In some embodiments, the methods of the mnvention
comprises administering VX-950, and VX-950 1s 1n a dosage form containing about 1125 mg
of VX-950 (e.g., three tablets of about 375 mg of VX-950) and the dosage form 1s
administered two times per day, e.g., once every 12 hours (1.¢., q12h).

[064] In the invention, VX-222 and any additional HCV drugs (such as VX-950; an
interferon (e.g., pegylated interferon, such as pegylated interferon alpha-2a or pegylated
interferon alpha-2b) with or without ribavirin; or VX-950, an interferon (e.g., pegylated
interferon, such as pegylated interferon alpha-2a or pegylated interferon alpha-2b), and

ribavirin) can independently be administered over the entire treatment period. In these

_14-



CA 02788348 2012-07-26
WO 2011/094489 PCT/US2011/022854

embodiments, the VX-222 treatment period and the treatment period of the additional HCV
drug(s) are the same.

[065] Alternatively, in some embodiments, VX-222 and any additional HCV drugs (such as
VX-950; an interferon (e.g., pegylated interferon, such as pegylated interferon alpha-2a or
pegylated interteron alpha-2b) with or without ribavirin; or VX-950, an interferon (e.g.,
pegylated interteron, such as pegylated interferon alpha-2a or pegylated interteron alpha-2b),
and ribavirin) can independently be administered over two phases, an initial phase and a
secondary phase. Each of VX-222 and any additional HCV drugs may be administered in
either the 1nitial or secondary phase, or in both phases. In some embodiments, VX-222 1s
administered only 1n the 1nitial phase, and iterferon 1s administered 1n both of the initial and
secondary phases. Alternatively, in some other embodiments, VX-222 1s administered only
in the secondary phase, and interferon 1s administered in both of the initial and secondary
phases. In some embodiments, VX-222 and VX-950 are co-administered, and VX-222 and
VX-950 are administered only in the 1nitial phase, or only 1n the secondary phase. In some
embodiments, VX-222, VX-950, an interferon (e.g., pegylated interferon, such as pegylated
interferon alpha-2a or pegylated interferon alpha-2b), and ribavirin are co-administered, and
VX-222 and VX-950 are administered only in the initial phase, and the interferon and
ribavirin are administered 1n both of the 1nitial and secondary phases.

[066] Suitable, specific examples of duration of the 1nitial and secondary phases can be
found 1n WO 2008/144072. For instance the initial phase can be a period of at least about 4
weeks, or between about 4 weeks and about 24 weeks (e.g., about 4 weeks, about 6 weeks,
about & weeks, about 10 weeks, about 12 weeks, about 16 weeks, about 20 weeks, about 24
weeks, etc.), and the secondary phase can be at least about 12 weeks, ¢.g., the secondary
phase can be about 12 weeks to about 36 weeks. In certain embodiments, the secondary
phase 1s about 12 weeks. In other embodiments, the secondary phase 1s about 24 weeks. In
still other embodiments, the secondary phase 1s about 36 weeks. In certain embodiments, the
sum of the initial and secondary phase 1s about 24 weeks to about 48 weeks (such as about
24, 36, or 48 weeks). In some embodiments, the initial and secondary phases can be 1dentical
in duration.

[067] In some embodiments, the methods of the invention comprise co-administering VX-
222 and interferon independently for a period from about 4 weeks to about 12 weeks (e.g.,
about 4, 6, 8 or 12 weeks), for a period from about 20 weeks to about 28 weeks (e.g., about
20, 24, or 28 weeks), or for a period of from about 8 weeks to about 24 weeks (e,g., about 8,

12, 16 or 24 weeks). In one aspect of each of these embodiments, the administration of VX-

_15-



CA 02788348 2012-07-26
WO 2011/094489 PCT/US2011/022854

222 and interferon independently (initial phase) 1s followed by administration of mterferon
(without VX-222) (secondary phase) for a period from about 4 weeks to about 36 weeks
(c.g., from about 8 weeks to about 36 weeks, from about 8 weeks to about 24 weeks, from
about 4 weeks to about 24 weeks). Specific exemplary regimens include: administering VX-
222 and mterferon independently for about 8 weeks followed by administering interferon
(without VX-222) for about 16 weeks for a total treatment regimen of about 24 weeks;
administering VX-222 and interferon independently for about 12 weeks followed by
administering interferon (without VX-222) for about 12 weeks for a total treatment regimen
of about 24 weeks. In such regimens, optionally 1s provided administration of ribavirin for
all (for both 1nitial and secondary phases), or a part of each regimen (e.g., only for the 1nitial
phase or only for the secondary phase).

[068] In some embodiments, the methods of the invention comprise co-administering VX-
222 and VX-950 independently for a period from about 4 weeks to about 12 weeks (e.g.,
about 4, 6, 8 or 12 weeks), for a period from about 20 weeks to about 28 weeks (e.g., about
20, 24, or 28 weeks), or for a period of from about 8 weeks to about 24 weeks (e,g., about 8,
12, 16 or 24 weeks). In one aspect of each of these embodiments, the administration of VX-
222 and VX-950 independently (1nitial phase) 1s followed by administration of interferon and
ribavirin (without VX-222 and VX-950) (secondary phase) for a period from about 4 weeks
to about 36 weeks (e.g., from about 8 weeks to about 36 weeks, from about 8 weeks to about
24 weeks, from about 4 weeks to about 24 weeks). Specific exemplary regimens include:
administering VX-222 and VX-950 independently for about 8 weeks followed by
administering interferon and ribavirin (without VX-222 and VX-950) for about 16 weeks for
a total treatment regimen of about 24 weeks; administering VX-222 and VX-950
independently for about 12 weeks followed by administering interferon and ribavirin
(without VX-222 and VX-950) for about 12 weeks for a total treatment regimen of about 24
weeks. In such regimens, optionally 1s provided administration of interteron and ribavirin for
the phase of administration of VX-222 and VX-950.

[069] In certain embodiments, VX-222, and optionally VX-950 or mterferon, are
administered independently for less than about 12 weeks.

[070] In certain embodiments, VX-222, and optionally VX-950 or mterferon, are
administered independently for about 8-12 weeks.

[071] In certain embodiments, VX-222, and optionally VX-950 or mterferon, are

administered independently for about 10 weeks.
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[072] In certain embodiments, VX-222, and optionally VX-950 or mterferon, are
administered independently for less than about 10 weeks.

[073] In certain embodiments, VX-222, and optionally VX-950 or mterferon, are
administered independently for about 2 weeks.

[074] In other embodiments, VX-222, and optionally VX-950 or interferon, are administered
independently for less than about 8 weeks (or about 8 weeks), less than about 6 weeks (or
about 6 weeks), or less than about 4 weeks (or about 4 weeks).

[075] In certain embodiments, VX-222 and VX-950 are co-administered for about 12 weeks
(1in1tial phase), optionally followed by interteron and ribavirin independently for about 12
weeks (secondary phase).

[076] In certain embodiments, VX-222, VX-950 and interteron are co-administered for
about 12 weeks, optionally followed by interferon and ribavirin independently for about 12
weeks (secondary phase).

[077] In certain embodiments, VX-222, VX-950, interteron and ribavirin are co-
administered for about 12 weeks, optionally followed by interferon and ribavirin
independently for about 12 weeks (secondary phase).

[078] In certain embodiments, VX-222, mterferon and ribavirin are co-administered for
about 12 weeks (1mitial phase), optionally followed by interferon and ribavirin independently
for about 12 weeks (secondary phase).

[079] In certain embodiments, VX-222 and VX-950 are co-administered for about 12 weeks
(in1tial phase), optionally followed by interteron and ribavirin for about 12 weeks (secondary
phase).

[080] In certain embodiments, VX-222, VX-950, interferon, and ribavirin are co-
administered for about 12 weeks (initial phase), optionally followed by intertferon and
ribavirin for about 12 weeks (secondary phase).

[081] In certain embodiments, VX-222, VX-950, interteron and ribavirin are co-
administered for about 12 weeks (initial phase), optionally followed by interferon and
ribavirin for about 36 weeks (secondary phase).

[082] In some embodiments, any of the initial phases described above can be conducted for
less than 12 weeks and the secondary phases can be conducted for about 12 weeks.
Alternatively, the initial phase can be conducted for about 12 weeks and the secondary phase
can be conducted for about 24 weeks. In still other aspects, the initial phase can be

conducted for about 8 weeks, and the secondary phase can be conducted for about 36 weeks.
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In still other aspects, the itial phase can be conducted for about 4 weeks, and the secondary
phase can be conducted for about 36 weeks.

[083] In some embodiments, any of the initial phases described above can be conducted for
about 8 weeks and the secondary phases can be conducted for about 16 weeks. Alternatively,
the 1nitial phase can be conducted for about 8 weeks and the secondary phase can be
conducted for about 40 weeks. In still other aspects, the 1nitial phase can be conducted for
about 8 weeks and the secondary phase can be conducted for about 40 weeks.

[084] In some embodiments, any of the initial and secondary phases described above can be
switched with each other, for example, to administer interteron (optionally with ribavirin) in
the 1n1tial phase, and administer VX-222 (optionally with VX-950, or with VX-950,
interferon, and ribavirin) in the secondary phase.

[085] In some embodiments, the methods of the invention described above employ response-
ouided criteria 1in evaluating short-duration treatment regimens of about 12 weeks or about 24
weeks of total treatment. In these embodiments, patients who achieve undetectable HCV
RNA (less than 10 IC/mL) at weeks 2 and & of treatment are randomized to either stop all
treatment at 12 weeks or to receive an additional 12 weeks of peg-IFN (pegylated interferon)
and RBV (ribavirin) therapy, for a total of about 24 weeks of treatment; and patients who do
not achieve undetectable HCV RNA at weeks 2 and 8 receive an additional 12 week of Peg-
IFN and RBV (without VX-222 or without VX-222 and VX-950) therapy for a total of 24
weeks of treatment.

[086] In some embodiments, the methods of the invention described above employ
response-guided criteria in evaluating short-duration treatment regimens of about 12 weeks,
about 24 weeks or about 36 weeks of total treatment. In these embodiments, patients who
achieve undetectable HCV RNA (less than 10 IC/mL) at weeks 2 and 8 of treatment will stop
their assigned treatment at week 12. Patients who do not achieve undetectable HCV RNA at
weeks 2 and 8 receive either an additional 12 weeks of Peg-IFN and RBV (without VX-222
or without VX-222 and VX-950) therapy for a total of 24 weeks of treatment, or an
additional 24 weeks of Peg-IFN and RBV (without VX-222 or without VX-222 and VX-950)
therapy for a total of 36 weeks of treatment. In some particular embodiments, the methods
employ VX-950 and VX-222 (without Peg-IFN and RBV), such as VX-950 at 1125 mg
twice per day and VX-222 at 100 mg or 400 mg twice per day, and patients who achieve
undetectable HCV RNA (less than 10 IC/mL) at weeks 2 and 8 of treatment will stop their
assigned treatment at week 12; and patients who do not achieve undetectable HCV RNA at

weeks 2 and 8 receive an additional 24 weeks of Peg-IFN and RBV (without VX-222 or
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without VX-222 and VX-950) therapy for a total of 36 weeks of treatment. In some
particular embodiments, the methods employ VX-950, VX-222, Peg-IFN and RBV (such as
VX-950 at 1125 mg twice per day and VX-222 at 100 mg or 400 mg twice per day, Peg-IFN
at 180 mcg once weekly, and RBV at 800 mg - 1200 mg twice per day (e.g., 1000 mg for
patients weighing less than 75 kb or 1200 mg for patients weighing more than or equal to 75
kg)), and patients who achieve undetectable HCV RNA (less than 10 IC/mL) at weeks 2 and
8 of treatment will stop their assigned treatment at week 12; and patients who do not achieve
undetectable HCV RNA at weeks 2 and 8 recerve an additional 12 weeks of Peg-IFN and
RBV (without VX-222 or without VX-222 and VX-950) therapy for a total of 24 weeks of
treatment.

[087] As would be realized by skilled practitioners, if a method of this invention 1s being
used to treat a patient prophylactically, and that patient becomes infected with Hepatitis C
virus, the method may then treat the infection. Therefore, one embodiment of this invention
provides methods for treating or preventing a Hepatitis C infection 1n a patient.

[088] In addition to treating patients infected with Hepatitis C, the methods of this invention
may be used to prevent a patient from becoming infected with Hepatitis C. Accordingly, one
embodiment of this invention provides a method for preventing a Hepatitis C virus infection
1n a patient comprising administering to the patient VX-222 optionally with any additional
HCV drugs, such as VX-950; interteron; interteron and ribavirin; VX-950, interferon, and
ribavirin, as described above.

[089] The methods of this invention may also involve administration of another component
comprising an additional agent selected from an immunomodulatory agent; an antiviral
agent; an inhibitor of HCV protease (other than VX-222, or VX-950); an inhibitor of another
target 1n the HCV life cycle (other than NS3/4A protease); an inhibitor of internal ribosome
entry, a broad-spectrum viral inhibitor; or a cytochrome P-450 mhibitor; or combinations
thercof. The additional agent 1s also selected from an inhibitor of viral cellular entry.

[090] Accordingly, in some embodiments, the additional agent 1s another anti-viral agent,

preferably an anti-HCV agent (other than VX-222 or VX-950). Such anti-viral agents
include, but are not limited to, immunomodulatory agents, such as o-, 3-, and y-interferons or

thymosin, pegylated derivatized interferon-a compounds, and thymosin; other anti-viral

agents, such as ribavirin, amantadine, and telbivudine; other inhibitors of hepatitis C

proteases (NS2-NS3 inhibitors and NS3-NS4A 1nhibitors); inhibitors of other targets in the

HCV life cycle, including helicase, polymerase, and metalloprotease inhibitors; inhibitors of
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internal ribosome entry; broad-spectrum viral inhibitors, such as IMPDH 1nhibitors (e.g.,
compounds described in U.S. Pat. No. 5,807,876, 6,498,178, 6,344,465, and 6,054,472; and
PCT publications WO 97/40028, WO 98/40381, and WO 00/56331; and mycophenolic acid
and derivatives thereof, and including, but not limited to, VX-497, VX-148, and VX-944); or
any of their combinations.

[091] Other agents (e.g., non-immunomodulatory or immunomodulatory compounds) may
be used 1n combination with a compound of this invention include, but are not limited to,
those specified in WO 02/18369, which 1s incorporated herein by reference (see, e.g., page
273, lines 9-22 and page 274, line 4 to page 276, line 11 this disclosure being specifically
incorporated herein by reference).

[092] Still other agents include those described in various published U.S. Patent
Applications. These publications provide additional teachings of compounds and methods
that could be used 1n combination with VX-950 1n the methods of this invention, particularly
for the treatment of hepatitis. It 1s contemplated that any such methods and compositions
may be used 1n combination with the methods and compositions of the present invention.

For brevity, the disclosures from those publications are referred to with reference to the
publication number but 1t should be noted that the disclosure of the compounds 1n particular
1s specifically incorporated herein by reference. Examples of such publications include U.S.
Patent Application Publication Nos.: US 20040058982, US 20050192212, US 20050080003,
US 20050062522, US 20050020503, US 20040229818, US 20040229817, US 20040224900,
US 20040186125, US 20040171626, US 20040110747, US 20040072788, US 20040067901,
US 20030191067, US 20030187018, US 20030186895, US 20030181363, US 20020147160,
US 20040082574, US 20050192212, US 20050187192, US 20050187165, US 20050049220,
and US 20050222236.

[093] Still other agents include, but are not limited to, Albuferon™ (albumin-Interferon
alpha) available from Human Genome Sciences; PEG-INTRON" (peginterferon alfa-2b,
available from Schering Corporation, Kenilworth, NJ); INTRON-A", (VIRAFERON®,
interferon alfa-2b available from Schering Corporation, Kenilworth, NJ); ribavirin (1-beta-D-
ribofuranosyl-1H-1,2,4-triazole-3-carboxamide, available from ICN Pharmaceuticals, Inc.,
Costa Mesa, CA; described 1n the Merck Index, entry 8365, Twelfth Edition); REBETROL®
(Schering Corporation, Kenilworth, NJ); COPEGUS” (Hoffmann-La Roche, Nutley, NJ):
PEGASYS” (peginterferon alfa-2a available Hoffmann-La Roche, Nutley, NJ); ROFERON®

(recombinant interferon alfa-2a available from Hoffmann-La Roche, Nutley, NJ);
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BEREFOR® (interferon alfa 2 available from Boehringer Ingelheim Pharmaceutical, Inc.,
Ridgefield, CT); SUMIFERON® (a purified blend of natural alpha interferons such as
Sumiferon available from Sumitomo, Japan); WELLFERON" (interferon alpha nl available
from Glaxo Wellcome Ltd., Great Britain); ALFERON® (a mixture of natural alpha
interferons made by Interferon Sciences, and available from Purdue Frederick Co., CT); a-
interferon; natural alpha iterteron 2a; natural alpha interferon 2b; pegylated alpha interteron
Da or 2b; consensus alpha interferon (Amgen, Inc., Newbury Park, CA); REBETRON®
(Schering Plough, Interferon-alpha 2B + Ribavirin); pegylated interteron alpha (Reddy, K.R.
et al., “Efficacy and Safety of Pegylated (40-kd) Interferon alpha-2a Compared with
Interteron alpha-2a in Noncirrhotic Patients with Chronic Hepatitis C,” Hepatology, 33, 433-
438 (2001); consensus interferon (INFERGEN®)(Kao, J.H., et al., "Efficacy of Consensus
Interferon 1n the Treatment of Chronic Hepatitis," J. Gastroenterol. Hepatol., 15, 1418-1423

(2000); lymphoblastoid or "natural” interferon; interferon tau (Clayette, P. et al., "IFN-tau, A
New Interferon Type I with Antiretroviral activity” Pathol. Biol. (Paris) 47, 553-559 (1999);
interleukin-2 (Davis, G.L. et al., "Future Options for the Management of Hepatitis C."
Seminars 1n Liver Disease, 19, 103-112 (1999); Interleukin-6 (Davis et al., “Future Options

for the Management of Hepatitis C,” Seminars in Liver Disease, 19, 103-112 (1999);

interleukin-12 (Davis, G.L. et al., "Future Options for the Management of Hepatitis C."

Seminars 1n Liver Disease, 19, 103-112 (1999); and compounds that enhance the

development of type 1 helper T cell response (Davis et al., “Future Options for the

Management of Hepatitis C,” Seminars 1n Liver Disease, 19, 103-112 (1999)). Also included

are compounds that stimulate the synthesis of interferon 1n cells (Tazulakhova, E.B. et al.,
"Russian Experience in Screening, analysis, and Clinical Application of Novel Interferon

Inducers” J. Interteron Cytokine Res., 21 65-73) including, but are not limited to, double

stranded RNA, alone or in combination with tobramycin, and Imiquimod (3M

Pharmaceuticals; Sauder, D.N. “Immunomodulatory and Pharmacologic Properties of

Imiquimod,” J. Am. Acad. Dermatol., 43 S6-11 (2000). See also, WO 02/18369, particularly

page 272, line 15 to page 273, line &, this disclosure being specifically incorporated herein by
reference.

[094] Suitable examples of cytochrome P450 monooxygenase ("CYP") inhibitors include,
but are not limited to, ritonavir (WO 94/14436), ketoconazole, troleandomycin, 4-methyl
pyrazole, cyclosporin, clomethiazole, cimetidine, 1traconazole, fluconazole, miconazole,
fluvoxamine, fluoxetine, nefazodone, sertraline, indinavir, nelfinavir, amprenavir,

fosamprenavir, saquinavir, lopinavir, delavirdine, erythromycin, VX-944, and VX-497.
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Preferred CYP 1nhibitors include ritonavir, ketoconazole, troleandomycin, 4-methyl pyrazole,
cyclosporin, and clomethiazole.
[095] One embodiment of this invention provides a method for co-administering an inhibitor

of CYP3A4.

[096] Suitable examples of interferon that can be employed in the invention include
Albuferon™ (albumin-Interferon alpha) available from Human Genome Sciences; PEG-
INTRON® (peginterferon alta-2b, available from Schering Corporation, Kenilworth, NJ);
INTRON-A®, (VIRAFERON®), interferon alfa-2b available from Schering Corporation,
Kenilworth, NJ); PEGASYS® (peginterferon alfa-2a available Hoffmann-La Roche, Nutley,
NJ); ROFERON® (recombinant interferon alfa-2a available from Hoffmann-La Roche,
Nutley, NJ); BEREFOR® (interferon alfa 2 available from Bocehringer Ingelheim
Pharmaceutical, Inc., Ridgefield, CT); SUMIFERON® (a purified blend of natural alpha
interferons such as Sumiferon available from Sumitomo, Japan); WELLFERON® (interferon
alpha nl available from Glaxo Wellcome Ltd., Great Britain); ALFERON® (a mixture of
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