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such as fibronectin, laminin, and others. Cytokines play major roles in all stages in the
development of fibrosis, including hepatocyte injury, inflammatory response, altered
function of sinusoidal cells (particularly hepatic stellate cells), extracellular matrix
accumulation, and matrix degradation.

25 The current concept is that fibrosis is not a static process; extracellular matrix is
constantly being laid down and resorbed and the progressive accumulation of fibrous tissue
is thought to represent a relative imbalance between pro-fibrotic processes and anti-fibrotic
processes. The central cell involved in the pathogenesis of hepatic fibrosis is the hepatic
stellate cell (HSC), also known as lipocytes, fat-storing cells, Ito cells, or myofibroblasts (Li

30  and Friedman 1999). These cells are the primary source of extracellular matrix production
during liver injury. HSCs can convert from a resting vitamin A-rich perisinusoidal cell to
one that is proliferative, fibrogenic, and contractile. HSCs are thought to have counterparts
in other organs that demonstrate a fibrogenic response to chronic injury, such as fibroblasts

found in the kidney and lungs. During fibrogenesis, HSC undergo a process of activation
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found in the kidney and lungs. During fibrogenesis, HSC undergo a process
of activation 1 by acquiring a nyofibroblast-Iike phenotype characterized
by increased proliferation and extracellular matrix conmponent synthesis.
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The high prevalence of chronic HCV infection has important public health
implications for the future burden of chronic liver disease in the United States. Data derived
from the National Health and Nutrition Examination Survey (NHANES III) indicate that a
25  large increase in the rate of new HCV infections occurred from the late 1960s to the early
1980s, particularly among persons between 20 to 40 years of age. It is estimated that the
number of persons with long-standing HCV infection of 20 years or longer could more than
quadruple from 1990 to 2015, from 750,000 to over 3 million. The proportional increase in
persons infected for 30 or 40 years would be even greater. Since the risk of HCV-related
30  chronic liver disease is related to the duration of infection, with the risk of cirrhosis
progressively increasing for persons infected for longer than 20 years, this will result in a
substantial increase in cirrhosis-related morbidity and mortality among patients infected
between the years of 1965-1985.



progressively increasing for persons infected for |onger than 20 years,
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conplications associated with cirrhosis of the liver.
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adm nistering IFN-y in an anount effective to reduce liver fibrosis. Liver
fibrosis may be due to any condition that is known to result in cirrhosis
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admi ni st er i ndlHeRhvention feafuragmhiethodfdf egduickt lver fibrosis in an individual, generally
20  involving administering IFN-y in an amount effective to reduce liver fibrosis. Liver fibrosis
may be due to any condition that is known to result in cirrhosis or fibrosis, e.g., a condition
selected from the group consisting of chronic alcohol exposure, hepatitis B virus infection,
non-alcoholic steatohepatitis, hepatitis C virus infection, Wilson’s disease, alpha-1-
antitrypsin deficiency, hemochromatosis, primary biliary cirrhosis, primary sclerosing
25  cholangitis, and autoimmune hepatitis. In many embodiments, the degree of liver fibrosis is
determined by pre-treatment and post-treatment staging of a liver biopsy, wherein the stage
of liver fibrosis, as measured by a standardized scoring system, is reduced by at least one
unit when comparing pre-treatment with post-treatment liver biopsies.
The invention also features a method of increasing liver function in an individual
30  suffering from liver fibrosis, comprising administering IFN-y in an amount effective to
increase a liver function. Liver function may be indicated by measuring a parameter selected
from the group consisting of serum transaminase level, prothrombin time, serum bilirubin

level, blood platelet count, serum albumin level, improvement in portal wedge pressure,



increase a liver function. Liver function may be indicated by neasuring a
paraneter selected fromthe group consisting of serumtransam nase |evel,
prothronbin tinme, serumbilirubin Ievel, blood platelet count, serum

al bumn level, inprovenent in portal wedge pressure, 3 reduction in degree
of asci tredycticadndegren of #scies, rodutiar in@rle\eeg lo& Eesphalgnatizsndnd eedluctionoim d n a
degree od‘e ke%to%rinnt%_ A aa{r'ﬁc%e.& The invention also features a nethod of

reduci ng £he T ALFEENEEIST a conplication of cirrhosis of the liver,

general |y i nviievinRentivaraldoi fedteies BendtifodedT redebing o ddcidentd 6f 4 Bgmplicafivh bFer 5
fibrosis IFN-y in an amount_ effective tq reduce the incidence of a.

conpl i c&iirhesioel the fivers senerally ipypdving gdministeripgfocn ipdividyalyulicsng dem byer

ci rrhosi : Lver : I .
nouft; arEnds G jh¥8 Bl PREGE o HARE G0RERPhce FASHERRING drckfhoss, us
descri bed thbliver, Bxamphespf eorhlitiatient of, ciddkdSisyofithe liedmrapatadhgsbrietidiont aneousl y
in an anount of from aP ut 25 % to ﬁ%ﬁui 300.g per dose, 10 and IFNvy is
admi ni stREPEESTYP FAT {RsyHiiciensgnd hepatpeaibilas carsiiomant s, | FNcy is adni ni stered

for a period micaflingQRs thel MRS RN 2BV, AN aBPeANITRESS ARG, guer | onger
periods of tine. DI‘%FI NI TIONS As used herein, the term™hepatic fibrosis,"
used i ntadnuhisiegrsbdibguthegomsly imin dmoitwé fronbalfoub2dpg &9 dboued @l pg per ddse, gr owt h
of ar ti e in.the |liver due.tq any.of a variety of roni,.c. toxi

nsdPt s @ AENGesAgiEetedde moitile derst ol AR ATRoGmbuR Gy Bediinkiet
EXPOSUr €of HpetidISE at léREthtdinighth)biid MY bE aliniiBéleled 0REEHATBr PORAERIBS time.

am odarone, aspirin, azathioprine, isoniazid, nethyldopa, nethotrexate,
mtrfurantoin, propylthiouracil, and sul fonam des; chronic exposure to
certain chem cal agents, includi ”gDElﬂNITﬂﬂs limted to, carbon

tetrachl oride, 20 dinethyl nitrosam ne, vinyl chloride, polychlorinated
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limited to, primary sclerosing cholangitis, primary biliary cirrhosis, autoimmune hepatitis,

lupoid hepatitis, and inflammatory bowel disease; hemochromatosis; alpha-1-antitrysin
deficiency; chronic cholestatic hepatitis; non-alcoholic steatohepatitis; chronic biliary
25  obstruction; Wilson’s disease; and other conditions known to cause cirrhosis.

As used herein, the term “liver function” refers to a normal function of the liver,
including, but not limited to, a synthetic function, including, but not limited to, synthesis of
proteins such as serum proteins (e.g., albumin, clotting factors, alkaline phosphatase,
aminotransferases (e.g., alanine transaminase, aspartate transaminase), 5’-nucleosidase, y-

30 glutaminyltranspeptidase, etc.), synthesis of bilirubin, synthesis of cholesterol, and synthesis
of bile acids; a liver metabolic function, including, but not limited to, carbohydrate
metabolism, amino acid and ammonia metabolism, hormone metabolism, and lipid
metabolism; detoxification of exogenous drugs; a hemodynamic function, including

splanchnic and portal hemodynamics; and the like.
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30 glutam nyl transpepti dase, etc.), synthesis of bilirubin, synthesis of
chol esterol, and synthesis of bile acids; a liver netabolic function,
including, but not limted to, carbohydrate netabolism amno acid and
ammoni a nmetaboli sm hornone netabolism and lipid netabolism
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descri bi ng The terms “individual, ” “host,” "subject," and "patient," used interchangeably

herein, refer to a mammal, including, but not limited to, murines, simians, humans,

mammalian farm animals, mammalian sport animals, and mammalian pets.

25 Before the present invention is further described, it is to be understood that this
invention is not limited to particular embodiments described, as such may, of course, vary.
It is also to be understood that the terminology used herein is for the burpose of describing
particular embodiments only, and is not intended to be limiting, since the scope of the
present invention will be limited only by the appended claims.

30 Where a range of values is provided, it is understood that each intervening value, to
the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated or intervening value in that
stated range is encompassed within the invention. The upper and lower limits of these

smaller ranges may independently be included in the smaller ranges is also encompassed
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DETAILED DESCRIPTION OF THE INVENTION
The present invention provides methods of treating liver fibrosis, including reducing
clinical liver fibrosis, reducing the likelihood that liver fibrosis will occur, and reducing a
25  parameter associated with liver fibrosis. The methods generally involve administering an
effective amount of IFN-y to an individual in need thereof. Of particular interest in many
embodiments is treatment of humans.
Liver fibrosis is a precursor to the complications associated with liver cirrhosis, such
as portal hypertension, progressive liver insufficiency, and hepatocellular carcinoma. A
30  reduction in liver fibrosis thus reduces the incidence of such complications. Accordingly,
the present invention further provides methods of reducing the likelihood that an individual
will develop complications associated with cirrhosis of the liver.
The present methods generally involve administering a therapeutically effective

amount of IFN-y. As used herein, a “therapeutically effective amount” of IFN-y is an
6



effective anount of IFN-y to an individual in need thereof. O particular
interest in many enbodinents is treatnment of humans. Liver fibrosis is a
precursor to the conplications associated with liver cirrhosis, such as

portal hypertension, progressive liver insufficiency, and hepatocellular
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of each stage in the METAVIR system are as follows: score: 0, no fibrosis; score: 1, stellate
enlargement of portal tract but without septa formation; score: 2, enlargement of portal tract
with rare septa formation; score: 3, numerous septa without cirrhosis; and score: 4, cirrhosis.
25 Knodell's scoring system, also called the Hepatitis Activity Index, classifies
specimens based on scores in four categories of histologic features: 1. Periportal and/or
bridging necrosis; II. Intralobular degeneration and focal necrosis; III. Portal inflammation ;
and IV. Fibrosis. In the Knodell staging system, scores are as follows: score: 0, no fibrosis;
score: 1, mild fibrosis (fibrous portal expansion); score: 2, moderate fibrosis; score: 3, severe
30 fibrosis (bridging fibrosis); and score: 4, cirrhosis. The higher the score, the more severe the
liver tissue damage. Knodell (1981) Hepatol. 1:431.
In the Scheuer scoring system scores are as follows: score: 0, no fibrosis; score: 1,

enlarged, fibrotic portal tracts; score: 2, periportal or portal-portal septa, but intact



enl argenment of portal tract but w thout septa formation; score: 2,

enl argenent of portal tract wth rare septa formation; score: 3, nunerous
septa without cirrhosis; and score: 4, cirrhosis. 25 Knodell's scoring
system also called the Hepatitis Activity Index, classifies specinens
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efficacy of IFN-y treatment. Morphometric computerized semi-automated assessment of the

—

quantitative degree of liver fibrosis based upon specific staining of collagen and/or serum
markers of liver fibrosis can also be measured as an indication of the efficacy of a subject
25  treatment method. Secondary indices of liver function include, but are not limited to, serum
transaminase levels, prothrombin time, bilirubin, platelet count, portal pressure, albumin
level, and assessment of the Child-Pugh score.
An effective amount of IFN-y is an amount that is effective to increase an index of
liver function by at least about 10%, at least about 20%, at least about 25%, at least about
30 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at least
about 55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, or
at least about 80%, or more, compared to the index of liver function in an untreated

individual, or to a placebo-treated individual. Those skilled in the art can readily measure



Secondary, or indirect, indices of liver function can also be used to
evaluate the efficacy of IFNy treatnment. Morphonetric conputerized
sem - aut omat ed assessnent of the quantitative degree of liver fibrosis
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elimination capacity (GEC), aminopyrine breath test (ABT), antipyrine clearance,

—

monoethylglycine-xylidide (MEG-X) clearance, and caffeine clearance.
As used herein, a “complication associated with cirrhosis of the liver” refers to a

25  disorder that is a sequellae of decompensated liver disease, i.e., or occurs subsequently to
and as a result of development of liver fibrosis, and includes, but it not limited to,
development of ascites, variceal bleeding, portal hypertension, jaundice, progressive liver
insufficiency, encephalopathy, hepatocellular carcinoma, liver failure requiring liver
transplantation, and liver-related mortality.

30 A therapeutically effective amount of IFN-y is an amount that is effective in reducing
the incidence (e.g., the likelihood that an individual will develop) of a disorder associated
with cirrhosis of the liver by at least about 10%, at least about 20%, at least about 25%, at
least about 30%, at least about 35%, at least about 40%, at least about 45%, at least about

50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least
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for a given serummarker. 20 Quantitative tests of functional |iver reserve
can al so be used to assess the efficacy of treatnent wwth IFN-y. These
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function, generally involving adm ni stering a’therapeutic ffective
anount ¢blanehpig and poual hemadynasries; iand thedike. but are not linited to, synthesis

of rot ei ns ch as;.serum.proteins . 9. ,...al bum.n,. clotting factors,
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etc.), synthesis of bilirubin, synthesis of cholesterol, and synthesis of
bi | e acifdBetion such ay alfwping alkpking phasphaiese, alprine trnsgmingge, aspartaté ni t ed t o,

car bohy . L ] i i I Qr.non
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standard methods. Metabolic functions can be measured by measuring the level of ammonia

in the serum.
Whether serum proteins normally secreted by the liver are in the normal range can be
determined by measuring the levels of such proteins, using standard immunological and
25  enzymatic assays. Those skilled in the art know the normal ranges for such serum proteins.
The following are non-limiting examples. The normal range of alanine transaminase is from
about 7 to about 56 units per liter of serum. The normal range of aspartate transaminase is
from about 5 to about 40 units per liter of serum. Bilirubin is measured using standard
assays. Normal bilirubin levels are usually less than about 1.2 mg/dL. Serum albumin
30  levels are measured using standard assays. Normal levels of serum albumin are in the range
of from about 35 to about 55 g/L. Prolongation of prothrombin time is measured using
standard assays. Normal prothrombin time is less than about 4 seconds longer than control.
A therapeutically effective amount of IFN-y is one that is effective to increase liver

function by at least about 10%, at least about 20%, at least about 30%, at least about 40%, at
10



art, using well-established tests of liver function. Thus, synthesis of
mar kers of liver function such as al bum n, al kaline phosphatase, al anine
transam nase, aspartate transam nase, bilirubin, and the like, can be
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nucl2ei ¢ aci d FeRYEN@RSinenaed; hgmhir MiyrigohyRapidgiteshaimyolppeptide @540l from
amino acids. It is made recombinantly in E.coli and is unglycosylated. Rinderknecht et al.

(1984) J. Biol. Chem. 259:6790-6797.

The IFN-y to be used in the compositions of the present invention may be any of
natural IFN-ys, recombinant IFN-ys and the derivatives thereof so far as they have a IFN-y
25  activity, particularly human IFN-y activity. Human IFN-y exhibits the antiviral and anti-
proliferative properties characteristic of the interferons, as well as a number of other
immunomodulatory activities, as is known in the art. Although IFN-y is based on the
sequences as provided above, the production of the protein and proteolytic processing can
result in processing variants thereof. The unprocessed sequence provided by Gray et al.,
30  supra. consists of 166 amino acids (aa). Although the recombinant IFN-y produced in
E. coli was originally believed to be 146 amino acids, (commencing at amino acid 20) it was
subsequently found that native human IFN-y is cleaved after residue 23, to produce a 143 aa

protein, or 144 aa if the terminal methionine is present, as required for expression in bacteria.
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publ i ¢ dat abases, e.g. Genbank, journal publications, etc. While various
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sequence), resulting in a protein of 139 ami no acids, or 140 am no acids
if the imgietied inpldemelsichles variguskseaxtanding fomiamineepid residuto24-h5Q;t 1%,

expressiQmz~Ihg. A, t f-0nj s an artifact .encoded by the
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expressi on systens, nethionine my be renoved. For use in the subject
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changes may be substitutions, insertions or deletions. Scanning mutations that

systematically introduce alanine, or other residues, may be used to determine key amino
acids. Specific amino acid substitutions of interest include conservative and non-

25  conservative changes. Conservative amino acid substitutions typically include substitutions
within the following groups: (glycine, alanine); (valine, isoleucine, leucine); (aspartic acid,
glutamic acid); (asparagine, glutamine); (serine, threonine); (lysine, arginine); or
(phenylalanine, tyrosine).

Modifications of interest that may or may not alter the primary amino acid sequence

30  include chemical derivatization of polypeptides, e.g., acetylation, or carboxylation; changes
in amino acid sequence that introduce or remove a glycosylation site; chahges in amino acid
sequence that make the protein susceptible to PEGylation; and the like. Also included are

modifications of glycosylation, e.g. those made by modifying the glycosylation patterns of a
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resi dues of the unprocessed pol ypeptide) are present. Extraneous sequences
can be substituted for the am no acid sequence following amno acid 155
wi thout | oss of activity. See, for exanple, U S. Patent no. 5, 690,925,
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solubility properties, or to render themnore suitable as a therapeutic
ager?. mEestesyaprsoagoupser foanjagamades apdithedikst i de nay be cyclized to

enhance stab i'ﬂ‘ﬂetﬁ()lﬁﬁﬁdé:srﬂlﬁﬂc{lﬁf bésolated and purified in accordance with conventional

methods of recombinant synthesis. A lysate may be prepared of the expression host and the
lysate purified using HPLC, exclusion chromatography, gel electrophoresis, affinity
chromatography, or other puriﬁcation technique. For the most part, the compositions which
25  are used will comprise at least 20% by weight of the desired product, more usually at least
about 75% by weight, preferably at least about 95% by weight, and for therapeutic purposes,
usually at least about 99.5% by weight, in relation to contaminants related to the method of
preparation of the product and its purification. Usually, the percentages will be based upon
total protein.
30
DOSAGES, FORMULATIONS, AND ROUTES OF ADMINISTRATION
IFN-y is administered to individuals in a formulation with a pharmaceutically
acceptable excipient(s). A wide variety of pharmaceutically acceptable excipients are known

in the art and need not be discussed in detail herein. Pharmaceutically acceptable excipients
13



10 al. (2000) J. Biol. Chem 275:23783-23789). Anal ogs may be used that

i nclude residues other than naturally occurring L-am no acids, e.qg.

D-ami no acids or non-naturally occurring synthetic am no acids. The
protein may. be pegyl ated to enhance stability, The pol ypeptides may be
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% association, as well as in combination, with other pharmaceutically active compounds. The

following methods and excipients are merely exemplary and are in no way limiting.

For oral preparations, the agents can be used alone or in combination with
appropriate additives to make tablets, powders, granules or capsules, for example, with
conventional additives, such as lactose, mannitol, corn starch or potato starch; with binders,

25  such as crystalline cellulose, cellulose derivatives, acacia, corn starch or gelatins; with
disintegrators, such as corn starch, potato starch or sodium carboxymethylcellulose; with
lubricants, such as talc or magnesium stearate; and if desired, with diluents, buffering agents,
moistening agents, preservatives and flavoring agents.

The agents can be formulated into preparations for injection by dissolving,

30  suspending or emulsifying them in an aqueous or nonaqueous solvent, such as vegetable or
other similar oils, synthetic aliphatic acid glycerides, esters of higher aliphatic acids or
propylene glycol; and if desired, with conventional additives such as solubilizers, isotonic

agents, suspending agents, emulsifying agents, stabilizers and preservatives.
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In the subject nethods, the active agent(s) may be adm nistered to the host
usi ng any conveni ent neans capable of resulting in the desired therapeutic
effect. Thus, the agent can be incorporated into a variety of formulations
for therapeutic adm nistration. Mdre 10 particularly, the agents of the
present i nventdiermare. e agertsreanshentadanint pipaositcies by aking eathpowirtetoos by
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agent s. prédeteagamtdsquaatitylnd componrdatof thei présenpinepatioat dakkoBitdddn ahRpeekt on by

di s§Ql vi ng, .30 suspending aqr .enul sifying themin an aqueous or nonaqueous
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agent s, iByspendepandagehe partiewtad conipound eogpbnyed and thetsiffectze bs adlndved, and

preservat | 4. Furt her nor t.he agents can. b e into suppositories by
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via a suppository. The suppository can include vehicles such as cocoa

but £8r , useallydiverneboetnlds pehy'do ROV patn’ytisreotimg ontihe sizeved the patidnod¥his
activity is based on 10° international units (IU) per 50 pg of protein.

Those of skill will readily appreciate that dose levels can vary as a function of the
specific compound, the severity of the symptoms and the susceptibility of the subject to side
effects. Preferred dosages for a given compound are readily determinable by those of skill in

25  the art by a variety of means. A preferred means is to measure the physiological potency of
a given compound.

In specific embodiments of interest, IFN-y is administered to an individual in a unit
dosage form of from about 25 pg to about 500 pg, from about 50 pg to about 400 ug, or from
about 100 pg to about 300 pg. In particular embodiments of interest, the dose is about 200

30  pgIFN-y. In many embodiments of interest, IFN-y1b is administered.
The pharmaceutically acceptable excipients, such as vehicles, adjuvants, carriers or

diluents, are readily available to the public. Moreover, pharmaceutically acceptable auxiliary

15



5 tenperature, yet are solidified at roomtenperature. Unit dosage forns
for oral or rectal admnistration such as syrups, elixirs, and suspensions
may be provi ded wherein each dosage unit, for exanple, teaspoonful,
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subcutaneously.

Multiple doses of IFN-y can be administered. Where multiple doses of INF-y are
administered, the frequency of administration is once per month, twice per month, three
times per month, once per week, twice per week, three times per week, four times per week,

25  five times per week, six times per week, or daily.

Where multiple doses of IFN-y are administered, the multiple doses are administered
over a period of time ranging from about one day to about one week, from about two weeks
to about four weeks, from about one month to about two months, from about two months to
about four months, from about four months to about six months, from about six months to

30  about eight months, from about eight months to about 1 year, from about 1 year to about 2
years, or from about 2 years to about 4 years, or more. In particular embodiments of interest,
IFN-y is administered three times per week over a period of about 48 weeks.

In some embodiments, IFN-y is administered by continuous infusion, or with a

device or system that provides for sustained release or controlled release. In these
16



|FN-y), it may be introduced into tissues or host cells by any nunber of
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vesicles. Jet injection may also be used for intranuscular adm nistration,
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speci fi ¢ conpetgdlelivery dexiges thetare suitable foy pe inrthe subject methods irepidepbutisry Of

t he subj ‘s ' .ects.. Pre red.dosages for I ven conpound are
readily gglénrl%ﬁr%’gf@ E@@n ?%1\{1)%% a%flmp gagl}ctaﬁape &%Vl‘feh%galpfm”é’% Sé}a%/gsr PRI pans.
I n_par t ireuim that maydirneayt isot b& cornicetee 36 a cdthdled, bicleddahnle fhHLAS, BSHsdmee! ution

sui tabl e for subcutapeous in{ectiom For exanple, IFN-y is in a

f or mul atteBASHRHRIEIRYCED AgY kpifhfeldierysystan v bapssd i thepssentiimemeibnd |

0. 100Ny IRQUYSBA LA SMBRA ' ! s of interest, IFN-y
i s adm ni st elr ed in sing e-cgloag%p?%‘&hnga(h)‘%%%}%t%g?%g%éﬁsgéubcut aneously.

Mul ti pl e dosekheatrug Bdlivery systdnecadyd anysteeicedincMiiegan iiplah@abR d#9ReSwRich! NF-y

are admgnistered, the frequency of admnistration is once per nonth, twce
per month,f ﬁ?‘ége b?ﬁeaé’_g’ {% gxwﬁéﬁ?emalﬁgﬁsmwpﬁﬁlec@owﬁm infpsipee
tines p@inﬂ{ﬁ%pofﬁﬁﬁc%bﬂlﬁ&spiﬁﬁsegﬁﬁ& agfd{dg@gt,éﬁ%t .rthé’é'g)féﬂfid g tinmes per

week, or daily. Waer e nmul tiple doses of are” adm ni ere,lihe
nul ti pl sonaalss rgleasearien¢rihed abeve (ot/lenst bighesic oeleast) isisnablafogiusginfthem about

one jday ; .Qne ram about two eks to about four weeks, from
abo&? Oﬁ%ﬂaﬁr@%ﬁ%@ﬁagﬁgﬁﬁﬁﬁboﬁgﬁrﬁ% ',.tlhef %%%d\gﬁ‘(ﬁﬁ’ SYSHE™ B i9Ret 1 '8 othiout f our
mont hs, efabotinadmy) thd dup dBlvErSystedn BROdHtiELSuSTTRIVES defibO (8. AP njcstapidToNt hs
to 30 about eight m)nghs, from about eight nonths to about 1 year, from
about 1 SYRHP 3 BUgBoie-)-2n spilpther embOfimé%%Saﬁmﬁmgzd%@msyts@nabmmlwms, or

nmore. | Rf R&kibiA ENigYedi,nen i t . s administered three
times per wéek over ‘%ngr’ iaog logf% aglgélﬁ?dl%ﬁl \?\i/eae(koél .hﬁwlllﬁll%ggflr‘ée%ﬁ%%%?‘nih? ge,rml FN-y
i s adm Aterttimueds dslivegndyisteudus usedfinteichangeablyietdin avithdewitatled delyegy em t hat

royihdes. for,,sustai ned rel egse or, control]led release. In these 16
PT oYY System atd encompasses corﬁmuous (e.g., controlle£ del?very devices (e.g., pumps) in

combination with catheters, injection devices, and the like, a wide variety of which are
known in the art, including, but not limited to, injection devices; an implantable device, e.g.,
pumps, such as an osmotic pump, that may or may not be connected to a catheter,
biodegradable implants; liposomes; depots; and microspheres.

25 In some embodiments, the drug delivery system is a pump, e.g., an implantable
pump, particularly an adjustable implantable pump. Of particular interest is the use of an
adjustable pump, particularly a pump that is adjustable while in position for delivery (e.g.,
externally adjustable from outside the patient’s body. Such pumps include programmable
pumps that are capable of providing high concentrations of IFN-q or other antiviral agent

30  over extended periods of time, e.g., 24-72 hours, and to achieve AUC serum IFN-y
concentrations to be therapeutically effective. |

Mechanical or electromechanical infusion pumps can also be suitable for use with the
present invention. Examples of such devices include those described in, for example, U.S.

Pat. Nos. 4,692,147; 4,360,019; 4,487,603; 4,360,019; 4,725,852, and the like. In general,
17



enbodi ments, IFN-y is adm nistered over a period of tine ranging from about

one day to about one week, from about two weeks to about four weeks, from

about one nonth to about two nonths, from about two nonths to about four

nmont hs, from about.four nths to about six nt.hs, from about six nonths

to aboutﬁlgﬁfﬁ?&r‘}%ﬁp ,OQMQEHSWC% GﬁPCQ%WiSII?g‘? pEng puief avariepefy | from

about 1 wAHAbIbQUAREstny FEgps pRIvidd QRRRAN0RIYIRA'SIeAR RBOh 2 Vears, or
a e for

nore. Drug delivery devices that are suita use in € subj ect

met hods i ncl u@lenembodinaent,ibe diugisietivety tspstemris e bt least partialtyesyplantablepl ant abl e

devi ce, , n ot C t hat . o, may not be
connect ecgev%bg. z;[m gat gatnga:fdi:é“%eﬁgcgga? §§%P%W%§F%&%IFQ@F b‘BnE%Wé on SIS and
m cr éspheetheds dwydevivenmwetidnbwe irythe st o Bfladigicised ié Asitd\WitkhaEERSdy of
i nvention, 1%3%1{1}&&%@ tion, a copbjnatjon _ of any known delivery system can

be used.?® HRECHFUERIGR pidpg Jeliygdeiice ningedused agdppytonadn dinplintagionites
| npl ant ahdiBagl ekt &@nothlkRarifleivhfity @%{Euﬁ&e&ﬁiﬁsﬁb&% efagsrp &nﬁa%{{ﬁ]'c@%g‘ﬁ an cal

i nfusion purrps., eI. e_ct ronec nTt usi on nps,
Essent i abitgble aitgwithup sibfdctebydys Pebeutnidoat implentadessifedtre gatallgpteere®! ease

as descrj bed above (at |east K biphasic release) is suitable for use in the
15 i nst &t aqsﬁ\(?gﬁ?rfvghl.en?%mslg}?@n@%ﬂﬁ&P&réer’ilﬁ%",a?f’ﬁéﬁeéﬂlggdeé\‘éﬁli}’\i@’yﬁesyst emis a
depd0. In other enbodinments, the drug delivery systemis a continuous

del i ve:TéHdevi ce Se. g., an injectable system a punp, etc.). In still other
enbodi BQRDERCAMENGBHE IDREATHENTem i s a conbi nation of a injection

device (e.qg., I need| e n contipuo delivery system The
term "contini l}%Lf’zégglel{]iﬂgeelﬁ{&gg/%‘?‘gerﬁlﬂ?@c"%sogareiaﬁ‘?%ﬁ‘é?’iﬁ%@%P@%ﬁﬁm& th

" cont r ollFNey ided ther@pyutRallp yEERive aRBontad GA MRASRIA 6 AREd MERYS 168ivuals who
controll ed) .delivery devic nps) in conbination wt cat‘ﬁet ers,

vices (e.g., punp: N
i nj ecti G Qvitisated agperdingdo Fheléé?tg%dsvﬁfd]ée ipaentéanyinelndevidiidutsewhihowen i n t he
art 15i nghayi i o §; | i.Qn dewi ces: an inplantable
devi ce, e. g#l?}gcaéﬁtr&p%é,}ﬁg%dchﬁysﬁ%rﬁ bggssrlr%? JlS g’%}oltf(rgrf)l}ﬂ}“ﬁg? S Who haye ’5@9’ ®hot be
connect davalepeal dlimidablieer, fibrésiobles grladabtesidepddantrk of iPREPIRSIivel FPRISs. and
m cr ospher.es...25 In. s enbodi nents, the drug delivery systemis a punp,
e.g., a ufl?‘rﬂdévﬁgléarﬁ @Cﬁ'ﬁg’rh}‘f a’f‘?d’rofnﬁ@éf‘ﬁe%‘?’)’/{“%{ﬁldégf ot diiscadl with BISNe punp. OF
par ti culfivitidle veidtard fddial WRIEHBN; dkiviadhly WaRkSinflil: wRASAGHIRI] Y @ punp
that is adjustable while in position for delivery (e.g., “externally
adj ust aBlegsanigdidugisoehe havepaen exposel oaliymi@liagenmiapsmito edsulién fivagr ammabl e

pu t re « rovidi ng hi.gh..c entrations of | FN-a or other
Bt T - Sphosfi MARAAERE B8 hafl B Bl eHertnuu BREG sefensthasamaleifgped and
to achi ewih hebGcEeimutodis; My irdPAGEN Wik kREBoiOLRE disBREARH BRI With %%ri-%t i ve.

Mechani cal cir el ect ronechani cal infusion punps can al so be suitable for use
wi th t halcoholic steatohepatitis; individuals with autoimmune hepatitis; individuals with primary

sclerosing cholangitis, primary biliary cirrhosis, or alpha-1-antitrysin deficiency.
Individuals who have been clinically diagnosed as infected with HCV are of

25  particular interest in many embodiments. Individuals who are infected with HCV are
identified as having HCV RNA in their blood, and/or having anti-HCV antibody in their
serum. In many embodiments, individuals of interest include those who exhibit severe
fibrosis or early cirrhosis (non-decompensated, Child’s-Pugh class A or less), or more
advanced cirrhosis (decompensated, Child’s-Pugh class B or C) due to chronic HCV

30  infection and who are viremic despite prior anti-viral treatment with IFN-a-based therapies
or who cannot tolerate IFN-a-based therapies, or who have a contraindication to such
therapies. In particular embodiments of interest, HCV-positive individuals with stage 3 or 4
liver fibrosis according to the METAVIR scoring system are suitable for treatment with the

methods of the present invention. In other embodiments, individuals suitable for treatment
18



present invention. Exanples of such devices include those described in, for
exanple, U S. Pat. Nos. 4,692, 147; 4,360,019; 4, 487,603; 4,360, 019;
4,725,852, and the like. In general, 17 the present nethods of drug

delivery be acco i shed using any of a variety of refillable, punp
cyst e R ThsaTE 0T Dbt STt e ionuher isniscut drasmrenssicscitthorgs with oo
embodi meginicall BRndEHAISR! It REMSURERIWiE A0 bn Lkl g bnplant abl e
device. The i .Iantaéle’gévicgﬁ%aﬁﬁggm?g%ﬁznté%ggﬁkgﬁé%éﬂgfgﬁP@n those

i npl ant advainglives trasisplgnistionst Instl otired exibudiceatsyizldivifndyanitable tther@itimentAn

i npl ant at j site LS Sit i thin th ody. of a subject at which a drug
del i ver 3a/&l fé]g\{hec%etﬁgdﬁ ?@ngﬁgggﬁlﬁmmﬁdgﬁﬁ?ﬂ%l&mﬁ | WHder degrpes pt Bhrosisnc| ude,
but & e includi@arssearitl Yarlyl ﬁﬂrbﬁﬂfstdgeél aHPIGE ’_EH%'MET%BHRE B and Scheuer
intramuscul ar, or other 'suitable site within a subject”s Dody.

Subcut an€etRe PRSI Casiases kit eis3 rthe lrbaleseairing spstemdrred because of
conveni ence in inplantation and renoval of the drug delivery device. 10
DI SORDERS AMENABLE TO TREATMENT The present invention provides nethods of

treating |iveWhile ireomsenbinvastivnrtias besn degeribedMvith toferendehts HRgEtiFEal |y
effective ,amount to a?,individual in need thereof. Individuals who are to

be tr eat@POLEREN hegeatot sildrs wpslgsstend bytthoserpkaliadiin ithe artthatokarionsichdngesl s
who flpav o Shd S ' i 40l I i s wel.
i, oot fid el cnke A0 RR Sl Mok Bhod B RS B Pl are
consi derseepeaef the glvenfiond elneidditiongminyendifichtiasingay beSuade toadiptiadisdsuidrnc! ude,
but are QﬁHkJini%ed to, individuals who are infected with HCV; individuals
who ar e STTHFHEr TRISHALPOIBOSTHOR Af PALRTAPOCHIOPTRFSSS SieP Q& 1SBS. it 1he 0RissHiEe.0s ona
Mansoni ;spirf @hd kebpal of (ke . L GAl; . to
result iﬁ Iiverag% fL%?%gis¥§W%g?@igggﬁgﬁgﬂ%ﬁﬁgggﬁﬁggﬁn |ag%§§%§8§??h

W | son' $heiscopa ebthejolaimgiagpended beraignosed wi t h hermochromat osis; and

i ndij¢i duals with al coholic liver disease; individuals wth non- alcoholic
steatohepatitis; individuals with autoi nmune hepatitis; individuals with
primary sclerosing cholangitis, primary biliary cirrhosis, or al pha-

| -antitrysin deficiency. Individuals who have been clinically diagnosed as
infected with HCV are of 25 particular interest in many enbodi nents.

| ndi vi dual s who are infected with HCV are identified as having HCV RNA in
t heir bl ood, and/or having anti-HCV antibody in their serum In many
enbodi nents, individuals of interest include those who exhibit severe
fibrosis or early cirrhosis (non-deconpensated, Child' s-Pugh class A or

| ess), or nore advanced cirrhosis (deconpensated, Child' s-Pugh class B or
C) due to chronic HCV
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30 infection and who are virem c despite prior anti-viral treatnment with

| FN- a- based therapies or who cannot tolerate | FN a-based therapies, or who
have a contraindication to such therapies. In particular enbodi nents of
interest, HCV-positive individuals with stage 3 or 4 |liver fibrosis
according to the METAVIR scoring systemare suitable for treatment with the
met hods of the present invention. |ngtfpggs enbodi nents, individuals
suitable for freatnent 18 with the nmethods of the instant invention are
patients wit hWdatishamsditd cirrhosis with clinical manifestations,
including patients with far-advanced liver cirrhosis, including those
awaiting liver transplantation. In still other enbodi nents, individuals

sui teébl e for LreatAmrnéthodbf ledudisg Hwdr HidEssioh dnhgdivIRhRBmpANENt i on i ncl ude
patients wi.th nl ilgg degr e,eg, of fibrosis 5 includi ng those with early

fi brosi semepistrzioe {FNrgtoAn ipdivimaliepapmunt ¢ffestiye temsdugdheubrosiscor i ng
systens; or stages 1, 2, or 3 in the Ishak scoring system). Wile the
present invention has been described with reference to the specific

enmbodi nent s ther eofhe inethot antouldibge taucidier $1wineteinyhé mdbedsk had £ebniditidnhe art

t hat varsi %uts 3han es 10 may .be de .angqu ui val ents may be substituted
wi t hout STEBEEA TR M SR ﬁ(énS{SPH%O PRug a Eglsf‘é‘BB@“%fhePﬁglsiB]W@Fﬁmfﬁﬂlo%n
addi 1o Omonrmétﬂloﬁ@@@eﬁidhé}?dtﬁiﬁﬁléﬁﬁﬂﬁm VIS oA MMRsoRs B%Eglgef:éf{)l‘?ar-l— si tuation,

material, conposition of matter, process, process step or steps, to the
obj ect i \Aatitryepn dpficiepny, bewpdirehatosie nuinears bilidryvierbsisprinddrl seeoking

nodi fi cag, . are t .Wthin the scope of the clains appended
her et o. ac%ﬁ%gﬂi&%d]\%t&&%gﬁwihgp%ﬁgi med is: 5 1. A nethod of reducing liver

fibrosis in an individual, conprising admnistering |FN-y to an individual
in an anount effective to reduce liver fibrosis. 2. The nethod according to
claim1, wherkein tH® medpdphelaim haeheseindives fibuosis isrsvesddn s¢vedty, ehe gr oup

consisst ihg @44 ra%ﬂﬁaﬁi&@hﬁ%sﬁ )sure, hepatitis B virus infection, 10
non- al coholic steatohepatitis,” hepatitis C virus infection, Wlson's

di sease, al pha-1 antitrypsin deficiency, henochromatosis, primary biliary
cirrhosis, prjmary, sclerosi.n chqgl angi ti.s, . and, aut oi mune, hepatijtis. 3.
The met hod of* cl aiw,th%ﬁ@”é&ﬁésm BT fYnsHes jrsan lé‘g’rv tadioring fowmlivary | as
15 neasyibeskid) YompsibiaB damthisiedid IFN-3 ¥S4EMividual in an amount effective to increase

a liver function.

20
5. The method of claim 4, wherein the liver function is determined by measuring
a parameter selected from the group consisting of serum transaminase level, prothrombin
time, serum bilirubin level, blood platelet count, serum albumin level, improvement in portal

wedge pressure, reduction in degree of ascites, reduction in a level of encephalopathy, and

25  reduction in a degree of internal varices.

6. A method of reducing the incidence of a complication of cirrhosis of the liver,
comprising administering IFN-y to an individual suffering from liver fibrosis in an amount
effective to reduce the incidence of a complication of cirthosis of the liver.

30
7. The method of claim 6, wherein the complication of cirrhosis of the liver is

selected from the group consisting of portal hypertension, progressive liver insufficiency,

and hepatocellular carcinoma.

20



4. A nethod of increasing liver function in an individual suffering from
liver fibrosis, conprising admnistering IFN-y to an individual in an
amount effective to increase a liver function. 20 5. The method of claim

4, wherein thg liv L qu%t iﬁgn IS defl r.m qeﬂ] tiy measuring. a. paraneter
sel ected frontthe S S5hognd pay PRl sfaims i heasis AN as admisisgared pr ot hr onbi n
time,  segbButRhédusldhRanlagitht of k@R dbdtl 25 §lo8) a6AHB00 ﬁ@?@f’&%s@' bum n | evel,

i nprovenent in portal wedge pressure, reduction i egree of ascites,
reduction in a |l evel of encephal opathy, and 25 reduction in a degree of

internal variges. thod of r ¢ing 4he incidence of. a conplication
of cirrhosis %f thgh f|%\(7'](F3Hr%,d O?%%%l?’el O?i%ﬁadmﬁgfé’mq?feé’? ;ﬂﬂg‘ﬂlﬁﬁﬁg}mﬁ&ﬂs B #4i vi dual
suf f & i ngnéunoor bkbote 200 pppesdssel N an anmount effective to reduce the

i nci dence of a conplication of cirrhosis of the liver. 30 7. The nethod of
claim®6, wherein the conplication of cirrhosis of the liver is selected

fromthe groug congi st ht ' Fogressive |iver
i nsuffici encyfb' arrlpf,dh %lpglgggfgﬁﬁﬁ{;%?dfgg%{@?%oﬁawe%néﬁ\!?ﬁsea ]tnﬁ(ge&e(i) ot ny one
of cl ai ngeribd bf atileestaboutltkideynomshsadm ni st ered subcut aneously in an anpunt
of from about 25 g to about 300 gg per dose. 9. The nethod of any one of

clainms 1-7, wherein IFNy is admnistered in an 5 anmount of about 200 gg
per gpse. 10.11The 7K heghoaf -6 h & = o ENey is

admi ni stered for a peri odogﬂ?%}ggg{lmgé%lﬁlte #%tehe%ﬁ[ﬁg&mg 1. The

met hod of any one of clains 1-7, wherein the IFNy is IFN-71 b. 12. The

met hod of any,-pne cl ai 1-7 erein,the |l FN-y i dm ni stere
subcut aneousllyz? 15ﬂi .e%g%ﬁ%?%%rgvo\gfc{agﬁwgr:@’hﬁe%%ﬁil -ﬁlﬁﬁam%%}?ré n
mul ti pl esueggseontlyl FN-7 are adm nistered. 14. The nmethod of any one of

clainms 1-7, wherein I[IFN-y is admnistered at |least tw ce per nonth. 20 15.
The nmet hod of any one of clains 1-7, wherein the dosage regi nen is once per

15 13. The method of any one of claims 1-7, wherein multiple doses of IFN-y are

administered.

14. The method of any one of claims 1-7, wherein IFN-y is administered at least

twice per month.

20
15.  The method of any one of claims 1-7, wherein the dosage regimen is once per
week.
16.  The method of any one of claims 1-7, wherein the dosage regimen is twice
25  per week.
17.  The method of any one of claims 1-7, wherein the dosage regimen is three
times per week.

30 18.  The method of any one of claims 1-7, wherein IFN-y is administered for a

period of at least about one year.

19.  The method of any one of claims 1-7, wherein the dosage regimen is once per

week for at least about one year.
21



week. 16. The nethod of any one of clains 1-7, wherein the dosage regi nen
is twice 25 per week. 17. The nethod of any one of clains 1-7, wherein the
dosage reginmen is three tines per week. 30 18. The nethod of any one of
clainms 1-7, wherein IFN-y is admnistered for a period of at |east about
one year. 19. The nmethod of any one of clains 1-7, wherein the dosage
regimen is omuE peThe A6 0EnPdnd FRHAMS RO &w1RASN WRAMosagtkedifen [MardEEt hod Of
any one of clainms 1-7, wherein the dosage reginmen 1s three tinmes per week
for at |@BeYPeARREK fors lgashighoubompyear.
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