-1- TITLE: Use of Imatinib to Treat Liver Disorders and Viral Infections

FI ELD OF I NVENTI ON [0001] The present invention relates to the use of
imatinib for the treatment of liver disorders and viral infections, and in
particular, the treatnment of viral hepatitis. BACKGROUND [0002] Since its
di scovery in 1989, the Hepatitis C virus (HCV) has energed as the major

et hi ol ogi ¢ agent responsi ble for nost cases of transfusion-associated and
sporadi ¢ non-A, non-B hepatitis (Heimet aL, 1999; Dore et at, 2003). HCV
is the causative agent of the majority of chronic di sease throughout the
world. An estimated 170 million persons are infected with HCV worl dw de.
The infection is usually persistent, qu foll ow ng an asynptonmatic period
often lasting years, many patients deVEl op chronic |iver disease, including
cirrhosis and hepatocel | ul ar carci nonma. [0003] The size of the HCV epidenm c

and thepl bm ted gld LEACKIA tFHdR Divert556/¥%rs and Viral Infections

FIELD OF INVENTION

[0001] The present invention relates to the use of imatinib for the treatment pf
liver disorders and viral infections, and in particular, the treatment of viral hepatitis.

BACKGROUND

[0002] Since its discovery in 1989, the Hepatitis C virus (HCV) has emerged as
the major ethiologic agent responsible for most cases of transfusion-associated and
sporadic non-A, non-B hepatitis (Heim ef al., 1999; Dore et al., 2003). HCV is the
causative agent of the majority of chronic disease throughout the world. An estimated
170 million persons are infected with HCV worldwide. The infection is usually persistent,
and following an asymptomatic period often lasting years, many patients develop
chronic liver disease, including cirrhosis and hepatocellular carcinoma.

[0003] The size of the HCV epidemic and the limited efficacy of current therapy,
based on the use of interferon-alpha (INF-alpha), have stimulated intense research
efforts towards the development of antiviral drugs that are both better tolerated and
more effective. The most widely established strategy for developing novel anti-HCV
therapeutics aims at the identification of low-molecular-weight inhibitors of essential

HCV enzymes.

[0004] Current treatment of HCV infection involves combinations of IFN with
ribavirin (Moll and Kohlbrenner, 2003). Although capable of apparent cures, IFN-based
regimens are not effective against key viral genotypes, are poorly tolerated, and are very
expensive. Vaccine development is hampered by lack of in vitro propagation systems for
HCV and the high genetic variability of this single-stranded RNA virus. Several important



based on the use of interferon-al pha (INF-al pha), have stinulated intense
research efforts towards the devel opnent of antiviral drugs that are both
better tolerated and nore effective. The nost w dely established strategy
for devel opi ng novel anti-HCV therapeutics ains at the identification of

| ow nol ecul ar-wei ght i nhibitors of essential HCV enzynes. [0004] Current
treatnment of HCV infection involves conbinations of IFNwith ribavirin
(Mol I and Kohl brenner, 2003). Although capabl e of apparent cures, |FN based
regi mens are not effective against key viral genotypes, are poorly

tol erated, and are very expensive. Vaccine devel opnent is hanpered by | ack
of in vitro propagation systens for HCV and the high genetic variability of
this single-stranded RNA virus. Sever®- inportant -2- viral targets for
HCV drug devel opnent have been identified: i) the processing of viral
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most drug discovery programs and compounds targeting both enzymes have now

entered clinical development. However, there is no known treatment for chronic viral

diseases such as HCV.
[0005] It is an object of the invention to overcome disadvantages of the prior art.

[0006] The above object is met by the combinations of features of the main
claims, the sub-claims disclose further advantageous embodiments of the invention.

SUMMARY OF INVENTION

[0007] In a first aspect of the invention, provided is a use of imatinib or a
pharmaceutically acceptable salt thereof, for treating or preventing a viral liver disorder.

[0008] In a second aspect of the invention, provided is a use of imatinib or a
pharmaceutically acceptable salt thereof, for inhibiting replication, transmission or both

of a hepatitis virus.

[0009] In a third aspect of the invention, provided is a method of treating a patient
infected with a hepatitis virus comprising administering a therapeutically effective

amount of imatinib or a pharmaceutical salt thereof.



clainms, the sub-clains disclose further advantageous enbodi nents of the

I nvention. SUVMARY OF | NVENTION [0007]In a first aspect of the invention,
provided is a use of imatinib or a pharmaceutically acceptable salt
thereof, for treating or preventing a viral liver disorder. [0008]In a
second aspect of the invention, provided is a use of imatinib or a

phar maceutically acceptable salt thereof, for inhibiting replication,
transm ssion or both of a hepatitis virus. [0009]In a third aspect of the
i nvention, provided is a nethod of treating a patient infected with a

hepatitis virus conprising adm nistering a therapeutically effective anount
of imatinib or a pharmaceutical salt thereof.

[00010] In an embodiment of the invention, the hepatitis virus is HAV, HBV, HCV,
HDV, HEV, a non-A non-E (NANE) hepatitis virus, HGV, TTV, or SENV.

[00011] In a fourth aspect of the invention, provided is use of imatinib or a
pharmaceutically acceptable salt thereof, for decreasing liver enzyme level in a patient.

[0010] In an embodiment of the invention, the liver enzyme is a fransaminase.

[0011] In a fifth aspect of the invention, provided is a use of imatinib or a
pharmaceutically acceptable salt thereof, for inhibiting replication or transmission of a
herpes virus.

[0012] In an embodiment of the invention, the herpes virus is HSV-1, HSV-2, V2V,
HCMV, HHV-6, HHV-7, EBV, or HHV-8.

[0013] In a sixth aspect of the invention, provided is a use of imatinib or a
pharmaceutical salt thereof, for inhibiting replication or transmission of a poxvirus.

[0014] In an embodiment of the invention, the poxvirus is an orthopoxvirus,
parapoxvirus, avipoxvirus, capripoxvirus, leporipoxvirus, suipoxvirus, molluscipoxvirus,

yatapoxvirus, or entomopoxvirus.

[0015] In a seventh aspect of the invention, provided is a use of imatinib or a
pharmaceutically acceptable salt thereof, for inhibiting replication or transmission of a
RNA virus selected from a group consisting of: influenza virus, parainfluenza virus,
respiratory syncytial virus, rhinovirus, yellow fever virus, west nile virus, and encephalitis

virus.

[0016] In a eighth aspect of the invention, provided is a use of a receptor protein



-3- [00010] I n an enbodi nent of the invention, the hepatitis virus is HAV,
HBvV, HCV, HDV, HEV, a non-A non-E (NANE) hepatitis virus, HGV, T1V, or
SENV. [00011]In a fourth aspect of the invention, provided is use of
imatinib or a pharmaceutically acceptable salt thereof, for decreasing
liver enzyme level in a patient. [0010] In an enbodi nent of the invention,
the liver enzyne is a transam nase. [0011] In a fifth aspect of the

i nvention, provided is a use of imatinib or a pharnaceutically acceptable
salt thereof, for inhibiting replication or transm ssion of a herpes virus.
[0012] In an enbodi ment of the invention, the herpes virus is HSV-1, HSV-2,
VzZV, HCW, HHV-6, HHV-7, EBV, or HHV-8, [0013] In a sixth aspect of the

i nvention, provided is a use of imatinlb or a pharmaceutical salt thereof,
for inhibiting replication or transm ssion of a poxvirus.

kinase inhibitor for inhibiting replication or transmission of a hepatitis virus.

[0017] This summary of the invention does not necessarily describe all necessary
features of the invention but that the invention may also reside in a sub-combination of
the described features.

BRIEF DESCRIPTION OF THE FIGURES

[0018] These and other features of the invention will become more apparent from the
following description in which reference is made to the appended drawings wherein:

Figure 1 is a line graph illustrating' the effect of imatinib mesylate treatment on glutamic
oxaloacetic transaminase (TGO) and glutamic pyruvate transaminase (TGP) levels in a

patient or subject.

DETAILED DESCRIPTION

[0019] The following description is of a preferred embodiment by way of example only
and without limitation to the combination of features necessary for carrying the invention

into effect.

[0020] Imatinib (4-[(4-methyl-1-piperazinyl) methyl]-N-[4-methyl-3-[[4-(3-pyridinyl)-2-
pyrimidinyl] amino] phenyl]-benzamide) and its methanesulfonate derivative, imatinib
mesylate (formerly kno_wn as STI571; trademarked as Gleevec in the United States and
Glivec in Europe), are protein-tyrosine kinase inhibitors selective for Ber-Abl tyrosine
kinase. Imatinib is also a specific inhibitor of c-Kit tyrosine kinase activity and is equally
effective against both wild-type and constitutively active enzyme (Radford IR, 2002).
The Kit receptor tyrosine kinase is expressed by practically all gastrointestinal stromal
tumors (GIST), and gain-of-function mutation of c-kit is present in most GISTs (Kitamura



[0014] In an enbodi ment of the invention, the poxvirus is an orthopoxvirus,
par apoxvirus, avi poxvirus, capripoxvirus, |eporipoxvirus, suipoxvirus,

nnol | usci poxvi rus, yatapoxvirus, or entonopoxvirus. [0015] In a seventh
aspect of the invention, provided is a use of imatinib or a
pharmaceutically acceptable salt thereof, for inhibiting replication or
transm ssion of a RNA virus selected froma group consisting of: influenza
virus, parainfluenza virus, respiratory syncytial virus, rhinovirus, yellow
fever virus, west nile virus, and encephalitis virus. [0016] In a eighth
aspect of the invention, provided is a use of a receptor protein -4-

ki nase inhibitor for inhibiting replication or transm ssion of a hepatitis
virus. [0017] This summary of the invention does not necessarily describe
all necessary features of the invention but that the invention nmay al so
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gastrointestinal tract. Imatinib has proven to be remarkably effective in heavily pre-

treated patients with advanced GIST. Imatinib is currently being investigated for use in

the treatment of chronic myeloid leukemia (CML), acute myeloid leukemia (AML), acute
lymphoblastic leukemia (ALL), myélodysplastic syndrome (MDS), ovarian cancer,

prostrate cancer, soft tissue sarcoma, and malignant glioma (Novartis Drug Record for

Gleevec, T2004-10, 89019002, January 2004).

[0021] However, imatinib has side effects and been shown to cause hepatoxicity as
evidenced by elevated liver enzymes (transaminases, alkaline phosphatase). Liver
toxicity characterized by severe elevation of transaminases or bilirubin occured in 3 to
12 % of patients in the Novartis clinical trial and was managed with dose reduction or
interruption. Grade 3 or higher adverse events occurred in 21.1 % of GIST patients
treated with 400 vs 600 mg imatinib. Severe hepatoxicity has been reported in some
CML patients (James ef al. Leukemia. 2003 May; 17(5) 978-9). James ef al. have
reported two cases of hepatitis occurring during the treatment of CML with imatinib
mesylate. In both cases, transaminases levels were severely elevated. In one case,
histological examination showed lesions that appeared to be viral hepatitis induced.
After stopping the treatment, liver samples were tested for Hepatitis A, B and C as well
as CMV, EBV and herpes virus. The results were negative. In both cases,
transaminase levels returned to normal following the discontinuation of treatment.

[0022] Surprisingly, the present invention has indicated that imatinib, and in particular
its methanesulfonate derivative, imatinib mesylate, are effective for treating viral liver
diseases, for example, but not limited to viral hepatitis, and in particular hepatitis C. As
provided herein, imatinib treatment is effective for ameliorating viral hepatitis, for
example, but not limited to, by decreasing liver enzyme levels, maintaining or
decreasing viral load, maintaining or decreasing RNA viral load, maintaining or



[0018] These and other features of the invention will becone nore apparent
fromthe follow ng description in which reference is nade to the appended
drawi ngs wherein: Figure 1 is a line graph illustrating the effect of
imatinib nesylate treatnment on glutam c oxal oacetic transam nase (TGO and
glutam c pyruvate transam nase (TGP) levels in a patient or subject.

DETAI LED DESCRI PTI ON [ 0019] The followi ng description is of a preferred
enbodi ment by way of exanple only and without limtation to the conbi nation
of features necessary for carrying the invention into effect. [0020]

I matinib (4-[(4-nethyl-1-piperazinyl)

met hyl ] - Nd4- net hyl - 34[ 4- (3-pyridinyl)-2- pyrimdinyl] am no]

phenyl ] - benzam de) and its nethanesulf%nate derivative, imatinib nesylate
(formerly known as STI571; trademarked as G eevec in the United States and
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(Hirasawa et al., 2003, J, Virol. 77, pp.5649-5656). MAPK is a family of serine threonine

kinases which are activated via receptor tyrosine kinases and are central components in
the signal transduction pathways involved in the regulation of cell proliferation.

Hirasawa et al examined the phosphorylation of MAPKSs, including extracellular signal-
regulated kinase (ERK1\2), p38 MAPK, and stress-activated protein kinase 1\c-jun NH2-
terminal kinase (SAPK\JNK) in EMC virus-infected L929 cells (Hirasawa et al., 2003).
They found that p38 MAPK and SAPK-JNK, but not ERK1\2 were activated during viral
infection. Hirasawa et al. also examined the effect of these kinases on the replication of
EMC virus in L929 cells by using specific inhibitors including genistein or herbimycin A
for tyrosine kinase inhibitor. They found that tyrosine kinase inhibitors suppressed viral



[0022] Surprisingly, the present invention has indicated that imatinib, and
in particular its nnethanesul fonate derivative, innatinib nesylate, are
effective for treating viral |iver diseases, for exanple, but not limted
to viral hepatitis, and in particular hepatitis C. As provided herein,
imatinib treatnent is effective for aneliorating viral hepatitis, for
exanple, but not limted to, by decreasing liver enzyne | evels, maintaining
or decreasing viral |oad, maintaining or decreasing RNA viral | oad,

mai ntai ning or -6- decreasing HCV (El A-2) or a conbination thereof. In
particular, the present invention has denonstrated that the adm nistration
of imatinib to a human subject diagnosed with hepatitis ¢ virus is capable
of lowering liver enzynme transam nase7tevels to w thin about nornal ranges.
Further, the present i nvention has denonstrated that the adm nistration of
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example, but not limited to transaminases.

[0026] The present invention provides the use of a receptor tyrosine kinase inhibitor,
and in particular, imatinib or a pharmaceutically acceptable salt thereof, for treating or
preventing a viral liver disease, and in particular viral hepatitis, in a patient. In an
embodiment of the present invention, which is not meant to be limiting, there is provided
the use of imatinib for inhibiting replication, transmission or both replication and
transmission of hepatitis viruses. The invention contemplates the use of receptor
tyrosine kinase inhibitors such as imatinib, for treating viral liver disorders in animal
patients, preferably mammalian patients, and even more preferably human patients.

[0027] As used herein, the term “imatinib” includes isomers, derivatives and



replication and that the inhibitory effect was primarily on viral protein
synthesis. On the basis of their observations, they conclude that p38 MAPK
plays a critical role in the replication of EMC virus, probably in the
translation of viral RNA (Hi rasawa et at, 2003). Mithunnani et at also
studi ed the bioactivity of serine-threonine protein kinase p38 inhibitor
RW67657 agai nst H V-1 infection. Inhibition of the p38 pathway by RM67657
i nhibitor was effective in inhibiting HHV-1 replication (Mithumani etal.,
2004, AIDS, 18, pp. 739-748). [0025] Again, wthout wi shing to be bound by
theory or limting in any manner, the results obtained in respect of the
present invention suggest that replication and transm ssion of hepatitis
viruses involve one or nore protein t#&-gets which are capabl e of being
nodul ated by imatinib. It is possible that imatinib may target one or nore
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inhibitors. EGFR inhibitors including monoclonal antibodies, such as Trastuzumab
(Herceptin), IMC-C225 (Cetuximab) and others (ABX-EGF, EMD 72000), and tyrosine-
kinase inhibitors, such as ZD1839 (Gefitinib, Iressa), OSI-774 (Erlotinib, Tarceva) and
others (Cl-1033, GW20186), may be employed as a combination therapy with imatinib.
Monoclonal antibodies may block ligand binding to the extracellular domain, whereas
the small-molecule inhibitors may exert their effects at the intracellular portion of the
receptor to prevent tyrosine kinase phosphorylation and subsequent activation of signal

transduction pathways.

[0030] The present invention provides for the use of imatinib to treat a subject or
patient infected with a hepatitis virus, for example, but not limited to HCV, HAV, HBV,
HDV, and HEV. In a specific embodiment, the present invention provides for the use of
imatinib to treat a subject or patient infected with HCV. In an alternate embodiment, the



[0028] As enployed herein, the term"subject” is used interchangeably with
the term"patient”. Neither termis neant to limt the scope of the present
i nvention. [0029] The present invention further contenplates conbination
therapies for treating viral liver disorders, for exanple, but not limted
to hepatitis Cviral infections. For exanple, tyrosine kinase inhibitors
whi ch may be used include inhibitors to epidermal growh factor receptors
(EGFR) such as nonocl onal anti bodi es and snall-nol ecul e i nhibitors. EGR

i nhi bi tors including nonocl onal anti bodi es, such as Trastuzunmab
(Herceptin), I M:C225 (Cetuxinnab) and others (ABX-EG-, EMD 72000), and
tyrosi neki nase inhibitors, such as ZD1839 (CGefitinib, lIressa), OSI-774
(Erlotinib, Tarceva) and others (Cl - 10683, GA2016), nay be enpl oyed as a
conmbi nation therapy with inmatinib. Mnocl onal antibodies may bl ock Iigand
bi ndi : r LWk Lor s
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exanpl hd 8§ N\ﬂﬂfs i m ted to HCV, HAV, HBV, HDV, and HEV. In a specific

enbodi nment, e present invention provides for the use of imatinib to treat
a subj ect or patient infected with HCV. In an alternate enbodi ment, the
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I mpr oveiRilesi N at | east one indicator of viral infection, disease state or
di sease progression may conprise maintaining viral load. In such an

enbodi nent, the maintenance of viral |oad, rather than an increase in viral
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infection, disease state or disease progression may comprise maintaining viral load. In
such an embodiment, the maintenance of viral load, rather than an increase in viral load
may be indicative of an improvement to a person of skill in the art.

[0033] The invention also provides a method of treating a patient infected with a virus
responsive to imatinib treatment. The invention further provides a method of treating a
subject or patient having compromised liver function such as elevated liver enzyme
levels. In a preferred embodiment of the invention, the method of treatment
encompassed by the invention is directed to the treatment of a mammalian patient in



[ 0033] The invention also provides a nethod of treating a patient infected
wWth a virus responsive to imatinib treatnment. The invention further

provi des a nethod of treating a subject or patient having conprom sed |iver
function such as elevated |liver enzyne |levels. In a preferred enbodi nent of
the invention, the nethod of treatnent enconpassed by the invention is
directed to the treatnent of a mammalian patient in -10- need thereof. In
a further preferred enbodi mrent of the invention, the patient is a human
patient. [0034] In one aspect, the invention provides a nethod of treating
a subject or patient infected with a hepatitis virus or hepatitis-Ilike
virus (see the exanples set out above) conprising adm nistering a
therapeutically effective amount of i"mMatinib or a pharnaceutically
acceptabl e salt thereof. [0035] In an alternate enbodi nent, the invention
provi des 0 ' i I ' ibnfteetmdie fsha Auman
hepat F??g%ﬁgéﬁ' &gﬁﬂﬁgﬁ?@qﬂ@% gmel?gégﬁﬁ magg%@r’ptﬁgsﬁsiet out above)
conprbgiiém,the steps of a) administering a therapeutically effective anount
of imatinib or a pharnaceutically acceptable salt thereof, and b)
monitoring the effect of said step of admi nistering at one or nore tines
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conprising the steps of a) testing a subject to determine if the subject is
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treat subject or patient infected with a hepatitis virus or hepatitis-like virus (see the examples
set out above) comprising the steps of a) administering a therapeutically effective
amount of imatinib or a pharmaceutically acceptable salt thereof, and b) monitoring the
effect of said step of administering at one or more times thereafter.

[0036] The present invention also provides a method of treating a subject infected
with a hepatitis virus or hepatitis-like virus comprising the steps of a) testing a subject to
determine if the subject is infected with a hepatitis virus or hepatitis-like virus and b)
administering imatinib in a dosage regimen to treat the subject or patient infected with

the virus.

[0037] In a specific embodiment, the present invention provides a method of treating a
subject infected with HCV comprising the steps of a) testing a subject to determine if the
subject is infected with HCV and b) administering imatinib in a dosage regimen to treat

the patient.

[0038] Various tests are known in the art to determining if a subject is infected with a
hepatitis virus and any such test known in the art may be employed by the present

invention.



the patient. [0038] Various tests are known in the art to determining if a
subject is infected with a hepatitis virus and any such test known in the
art may be enployed by the present invention. -11- [00391In a further
aspect, the invention provides the use of imatinib for decreasing one or
nore liver enzyne |evels and other products in a patient. In a preferred
enbodi nent of the invention, the liver enzyne conprises one or nore
transam nases, for exanple, but not limted to al anine transam nase,
aspartate transanni nase or both. O her products and enzynes that are

i ndi cative of liver function include, but are not limted to bilirubin,

al kal i ne phosphat ase, creatine and soJuble cytochronme c. Sol uble cytochrone

cis aclinical nmarker of apoptosis ihpatients with |iver disease. As

shown by Ben-An i Z et al. 2003, untreated patients with chronic viral
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antiviral treatment. Soluble cytochrome ¢ may serve as a serum marker or apop OSiS.

[0040] The precise dose or dosage regimen of imanitib or its pharmaceutically
acceptable salt will depend on a number of factors which will be apparent to those
skilled in the art and in light of the disclosure herein. In particular these factors include:
the formulation, the route of administration employed, the patient’s species, gender, age,
and weight, and the severity and type of the condition being treated. Methods for
determining dosage and toxicity are well known in the art with studies generaily
beginning in animals and then in humans if no significant animal toxicity is observed.
The appropriateness of the dosage can be assessed by monitoring liver function
including transaminases, bilirubin, alkaline phosphatase, soluble cytochrome c analysis,
HCV antibodies (EIA-2) and by monitoring viral load. Generally, it is preferred that a
patient treated or undergoing therapy be monitored for signs of adverse drug reactions

and toxicity, especially with regard to liver and renal function.

[0041] In some circumstances, it may be desirable to combine imatinib treatment with



-12- one or nore additional drugs for the treatnent of viral hepatitis and
optionally associated conditions. For exanple, it may be desirable to
conbine imatinib nmesylate treatment with an interferon such as interferon
al pha-2a, interferon al pha-2b, and pegyl ated derivatives thereof. It may

al so be desirable to conbine imatinib nesylated treatment with ribavirin
and/ or other anti-hepatitis drugs. It is further contenplated that imatinib
treatment nay preceed or follow, or both proceed and follow treatnent of a
patient with one or nore other drugs, for exanple, but not limted to an
interferon or the like. Thus, in an enbodi nent of the present invention,
which is not neant to be limting in ggy nanner, there is provided a nethod
of treating a patient infected with hepatitis virus conprising the steps of
a) administering one or nore drugs to a patient and subsequently b)
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However,the present invention contemplate daily doses of 50mg, 75mg, 100 mg,
200mg, 200mg, 250mg, 300mg, 400mg, 500mg, 600mg, 700mg, 800mg, 900mg and
1000mg. Further, the daily dosage may be defined by a range of any of the the values
listed above. Preferably, the dosage of imatinib is between 400 mg/day and 600 mg/day
for adults. It has been reported that high-dose imatinib (more than 600 mg) was well
tolerated but resulted in more frequent myelosuppression. High-dose imatinib induced
higher rates of complete cytogenetic response and of molecular response in patients



present invention contenplates that imatinib may be delivered once, tw ce,
three, four or five times a day or nore. [0044] it is preferred that
imatinib is fornmulated into an appropriate dosage formfor oral

adm nstration to a patient or subject. Any dosage formwhich is suitable
for oral admnistration of imatinib may be enployed in the nethods and uses
of the present invention as described herein. In a preferred enbodi nent,
imatinib is fornmulated into a tablet or capsule, for exanple, but not
limted to a filmcoated tablet. [0045] For patients unable to swallow a
filmcoated tablet, the tablet may be di spersed in a glass of water or

apple juice. In such a case, the requjJed nunber of tablets can be pl aced
i n an appropriate vol une of beverage“Q or exanple, but not limted to
approximately 50 m for a 100 ng tablet, and 200 mM for a 400 ng tablet)
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[0043] Imatinib may be delivered to a subject or patient through any suitable route, as
would be known to a person of skill in the art although oral administration is preferable.
More preferably, the prescribed dose is administered orally with a meal and a large
glass of water. Doses of 400 mg or 600 mg are preferably administered once daily,
whereas a dose of 800 mg is preferably administered as 400 mg twice a day. However,
amount and frequency is not meant to be limiting in any manner. In this regard, the
present invention contemplates that imatinib may be delivered once, twice, three, four or

five times a day or more.

[0044] ltis preferred that imatinib is formulated into an appropriate dosage form for
oral adminstration to a patient or subject. Any dosage form which is suitable for oral
administration of imatinib may be employed in the methods and uses of the present
invention as described herein. In a preferred embodiment, imatinib is formulated into a
tablet or capsule, for example, but not limited to a film coated tablet.

[0045] For patients unable to swallow a film-coated tablet, the tablet may be
dispersed in a glass of water or apple juice. In such a case, the required number of
tablets can be placed in an appropriate volume of beverage (for example, but not limited
to approximately 50 ml for a 100 mg tablet, and 200 mi for a 400 mg tablet) and stirred
with a spoon. The suspension is preferably administered immediately after complete

disintegration of the tablet(s).

[0046] In addition to being offective as anti-viral agent for hepatitis viruses, the



patient is a human. [0047] In an alternate enbodi nent, the present

I nvention provides the use of imatinib for inhibiting replication,

transm ssion or both replication and transm ssion of herpes viruses such
as, but not limted to: HSV-1, HSV-2, VzZV, HCW, HHV-6, HHV-7, EBV, and
HHV- 8. 100481 While the invention is not nmeant to be bound by theory or
limted to any particular nmechanismof action, it is believed that the
innatinib interferes with herpes virus replication, transnm ssion or both.
Tyrosi ne phosphoryl ati on events have been inplicated in the early stages of
herpes virus interaction with host cells. For exanple, HHV-8 has been
reported to induced integrin- dependeni focal adhesi on ki nase (FAK).
Activation of FAK is thought to be a 4|tical step which is responsible for
subsequent phosphorylation of other cellular kinases, cytoskeletal
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further that imatinib overcones the herpes virus nedi ated

i nhi bipatient isfa tmeannt er f eron si gnal i ng pathway and thereby restores the
i mmune response triggered by a herpes infection. HSV-1 has been shown to
inhibit the interferon signaling pathway at several lc} es gChee fan%t. ib

Roi zmji04Z]004n an.aligrnate. embodiment1$s- presgniinvention provides the Use of imatin

for inhibiting replication, transmission or both replication and transmission of herpes
viruses such as, but not limited to: HSV-1, HSV-2, VZV, HCMV, HHV-6, HHV-7, EBV,

and HHV-8.

[0048] While the invention is not meant to be bound by theory or limited to any
particular mechanism of action, it is believed that the imatinib interferes with herpes
virus replication, transmission or both. Tyrosine phosphorylation events have been
implicated in the early stages of herpes virus interaction with host cells. For example,
HHV-8 has been reported to induced integrin-dependent focal adhesion kinase (FAK).
Activation of FAK is thought to be a critical step which is responsible for subsequent
phosphorylation of other cellular kinases, cytoskeletal rearrangements, and other
functions important for virus-host cell interaction and eventual cell infection (Sharma-
Walia et al., J. Virol. 2004, 78(8), pp. 4207-4223). It is suggested that imatinib, while
being selective for Ber-Abl and c-Kit tyrosine kinases, is capable of inhibiting kinases
such as FAK which are responsible for phosphorylation events essential for herpes virus

replication and transmission.

[0049] It is further believed that imatinib overcomes the herpes virus mediated
inhibition of the interferon signaling pathway and thereby restores the immune response
triggered by a herpes infection. HSV-1 has been shown to inhibit the interferon
signaling pathway at several sites (Chee and Roizman, 2004, J. Virol. 78(8), 4185-



4196). Yokota et at (J.Virol., 2004, 78(12), 6282-6286) showed that the
HSV-1 inhibited I FN i nduced phosphoryl ati on of Janus ki nases (JAK) in
infected cells. It is believed that imatinib is capable of both reducing
viral |oad and enhancing i mmune function in patients infected with a herpes
virus. [0050] The invention further provides the use of imatinib for
inhibiting replication, transm ssion or both replication and transm ssion
and of a poxvirus in a patient. Poxviruses which nmay be inhibited using
imatinib include, but are not limted to: orthopoxviruses, parapoxviruses,
avi poxvi ruses, capripoxviruses, |eporipoxviruses, suipoxviruses,

nol | usci poxvi ruses, yatapoxviruses, q@%_entonnpoxviruses. (0051] It is
known that a variety of phosphoryl ati events are involved in the
infection, replication and pat hogenesis of poxviruses. Masters et al., (J.
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suggested that the virufence of poxviruses was dependent on virus encoded growth
factors which interact with the Erb receptor protein kinases. The viral growth factors
were found to induce sustained MAPK activation resuiting in enhanced cell proliferation.
The authors suggested that signal potentiation and targeting to specific receptor

combinations contribute to cell transformation at specific sites of poxvirus infection.



[ 0055] The above description is not intended to limt the clained invention
i n any manner, furthernore, the discussed conbination of features m ght not
be absol utely necessary for the inventive solution. [0056] The present
invention will be further illustrated in the foll ow ng exanpl es. However it
IS to be understood that these exanples are for illustrative purposes only,
and should not be used to limt the scope of the present invention in any
manner. [0057] Exanple One - Effect on Imatnib Mesvlate Treatnment in a
Patient -17- Suffering G ST and HCV (0058] A 57 year old mal e di agnosed
with chronic active hepatitis C. Laboratory testing revel ed el evated
aspartate and al ani ne anni notransam ngses (AST\ALT) levels indicating liver
injury. The patient was positive for-%nti bodi es for HCV. Histol ogi cal
confirmation of chronic hepatitis was corroborated by positive hepatic
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aily tor weeks followed by three tines we i

Subs eafuleast in park o tha inbifitior6f tyr@%ﬂ%@WPWPW%&%@&%@B@?‘%@t°;§°ﬁt?:6“s

p. g/ week plus rj i s 1000 , ip dupRbAtn gieas imfiedtionst he
pat i erﬁp"ﬁgféoq ?8@?’%ﬁ‘ﬁ'ﬁ&geg‘&%@?g&%ﬁﬁ@ﬁ% al pha- Zt? ﬁ?{%@{l nterferon) at
1.5 | §Sed Kot apssartedld imited ta2fs selective iﬁhrlﬁquwft%rlc"‘f\bleq{lq(@ tYERSIG opped i n
Oct ober 2002. During all these treatnents, the patient had prol onged

el evakiedse$ri not r ansferases and a poor quality of life, including extrene
fatigue, sickness and was unable to work. None of the treatnents received

for HCV inproved the enzymatic situation af. the.patignt. NP
hi st o[0H3] asTb@d@Y%ltmtféﬂhﬁppfﬂvééﬁsl @@_u g'%’#‘@ﬁ’?@ﬁ@ﬂ%‘%‘ﬁ? iréawas qual i fied
as st %ebllngmission of a RNA virus (but not HIV) in a patient. The invention encompasses the
use imatinib for inhibiting replication and transmission of RNA viruses such as (but not
including HIV) influenza virus, parainfluenza virus, respiratory synctial virus, rhinovirus,

yellow fever virus, west nile virus, and encephalitis virus.

[0054] The invention also provides methods of treating a patient suffering an infection
with any of the herpes, pox, and RNA viruses discussed above, comprising
administering a therapeutically effective amount of imatnib, and in a preferred
embodiment, a therapeutically effective amount of imatinib mesylate. As discussed
above, the precise dosage of imatinib or its derivative imatinib mesylate will depend on

numerous factors and can be determined using methods known in the art.

[0055] The above description is not intended to limit the claimed invention in any
manner, furthermore, the discussed combination of features might not be absolutely

necessary for the inventive solution.

[0056] The present invention will be further illustrated in the following examples.
However it is to be understood that these examples are for illustrative purposes only,

and should not be used to limit the scope of the present invention in any manner.

[0057] Example One — Effect on Imatnib Mesylate Treatment in a Patient




[ 0060] Subsequently, the patient was diagnosed with a G ST of the posterior
wal |l of the stomach. The patient was treated with 400 ng/day of innatinib
nmesylate in a 5- nonth period. The patient was treated with 400 ny/day of
imatinib nmesylate preoperatively for 5 nonths. The patient suffered acute
abdom nal pain at this tinme, wherein upon treatnent was hal ted upon

di agnosi s of acute henorrhage of the tunor, a known conplication of the
treatment of such G ST with imatinib nesylate. The patient then underwent
surgical resection of the G ST. Imatinib nmesylate treatnment was reinitiated
postoperatively. The patient responded well to imatinib nesylate treatnent
-18- and achi eved cytogenetic and m)lgI ul ar rem ssion of his G ST wth
treatment of imatinib nmesylate. The siZe and attenuation of the gastric
tunmor were neasured by histologic exam nation with the tunor show ng

si gni fgufering GISToard HEVenuation after imatinib nesylate treatnent. The
patient reported a clear inprovenent of his quality of Iife and was able to
go back to a nornmal professional life simlar to his status prior to the

di agnqe0s8pf AT yeepald Hidle Hiaghdsed @ifhedtirohie ddtive Hepaetis Ondidbaratomt hout
nmetastasis one year after the initiation of the imatinib nesylate

t r eat feSling raveldtbplevated asnartate and alaring amisatrangsamingses 6RSd \Wal KHeyglsk| v

basi s ; Lag. the L.t i B I e t he
pegi niiGefifo W hERY' The feBA: g okt Tor kot RrhiChe tpliogtal 02
am notgoafighatios of ahbnid hopattisanas odrrabsiatedibe pesitiee dreatit ibiapdigs demoads ed
(see Fig. 1). The patient's liver function returned to about nornal

acti vi with continued treatnent with inmatinib nmesylate (see Fig. 1).
[0061] Al citations are herein incorporated by reference. [0062] The

present invention has been described wth regard to preferred enbodi nents.
HowevdP059k \iian1%monihs, doe petieplavas freatad witd inteeranealaha-2 ﬁhi%uﬁfifh%l@ of
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of th
(MU) interferon-beta daily for 6 weeks followed by three times weekly for 20 weeks.

Subsequently, the patient was treated with interferon alpha-2 at 180 pg/week plus
ribavirin 1000-1200 mg/day for 5 months. Subsequently, the patient was treated with
pegylated interferon alpha-2b (PEG-interferon) at 1.5 pg /kg once weekly for 25 months.
The latter treatment was stoppéd in October 2002. During all these treatments, the
patient had prolonged elevated aminotransferases and a poor quality of life, including
extreme fatigue, sickness and was unable to work. None of the treatments received for
HCV improved the enzymatic situation of the patient or the hepatic histology as
demonstrated by biopsies. The chronic hepatitis was qualified as stable.

[0060] Subsequently, the patient was diagnosed with a GIST of the posterior wall of
the stomach. The patient was treated with 400 mg/day of imatinib mesylate in a 5-
month period. The patient was treated with 400 mg/day of imatinib mesylate
preoperatively for 5 months. The patient suffered acute abdominal pain at this time,
wherein upon treatment was halted upon diagnosis of acute hemorrhage of the tumor, a
known complication of the treatment of such GIST with imatinib mesylate. The patient
then underwent surgical resection of the GIST. Imatinib mesylate treatment was

reinitiated postoperatively. The patient responded well to imatinib mesylate treatment



-19- Cainms 'I. A conposition conprising imatinib or a pharnmaceutically
acceptable salt thereof for use in treatnent of viral hepatitis. 2. The
conposition as defined in claiml, for use in treatnent of viral hepatitis
in a patient based on positive evidence froma diagnostic test confirmng
the patient is infected with a hepatitis virus. 3. The conposition for use
as in clains 1-2, wherein the viral hepatitis fromhepatitis C virus
infection. 4. The conposition for use as defined in claim1-3, wherein the
imatinib is imatinib mesylate. 5. The conposition for use as defined in
clainms 1-2, wherein the viral hepatitis is frominfection with hepatitis C
virus (HCV), hepatitis A virus (NAV), eratltls B virus (HBV), or hepatitis
E virus (HEV). 6. The conposition f618use as defined in clains 1- 2,

wherein the virus is a non-A non-E (NANE) hepatitis virus. 7. The

Cour Pahd'aRHielyBH cyRSudtisicharid Moeulr ?%%w‘é@%&bf‘hfsf@lﬂnwnh&reaﬁmen’abi imatinib
mesylate. The size and attenuatlon of the gastric tumor were measured by histologic
examination with the tumor showing significant decreased attenuation after imatinib
mesylate treatment. The patient reported a clear improvement of his quality of life and
was able to go back to a normal professional life similar to his status prior to the
diagnosis of his hepatitis C. The patient is in a good condition without metastasis one
year after the initiation of the imatinib mesylate treatment. The hepatic function of the
patient was monitored on a weekly basis during the imatinib mesylate treatment. Within
2 weeks after the beginning of imatinib mesylate treatment, the patient’s levels of
aspartate aminotransferase and alanine aminotransferase were dramatically decreased
(see Fig. 1). The patient’s liver function returned to about normal activity with continued

treatment with imatinib mesylate (see Fig. 1).
[0061] All citations are herein incorporated by reference.

[0062] The present invention has been described with regard to preferred
embodiments. However, it will be obvious to persons skilled in the art that a number of
variations and modifications can be made without departing from the scope of the

invention as described herein.



8. The conposition for use as in claim11-6 wherein the anount of imatinib
nesyl ate i s between 400 ng/day and 600 ngy/day. -20- 9. The conposition
for use as in claim8, wherein the anolft of imatinib mesylate is 400

ng/ day. 10. The conposition for use as in claim1-5, wherein the anmount of
imatinib nmesylate is between 260 ng/ n2/day and 360 ny/nR/day. 11. The
conposition for use as in claiml, further conprising an interferon. 12.
The conpoé@?”ﬁﬁ for use as in claim1l, wherein the interferon is selected
froma group consisting of interferon al pha-2a, jnterferon al pha-2b, and
pegy! at ed HérFamRASHEE CPREFiEipg Imatind oreharapdicaiborcoeBiables@litdsereef 1l ai m 3
wherein the diagnostic test is an antibody test for HCV. 14. The

conposi ti diteribFeaEenhef Yirel Bergtiis 3, the patient is diagnosed with a |iver

di sorder selected fromthe group consisting of a hepatitis c virus

i nfection.

2. The composition as defined in claim 1, for use in treatment of viral hepatitis in a
patient based on positive evidence from a diagnostic test confirming the patient is

infected with a hepatitis virus.

3. The composition for use as in claims 1-2, wherein the viral hepatitis from hepatitis C

virus infection.

4. The composition for use as defined in claim 1-3, wherein the imatinib is imatinib

mesylate.

5. The composition for use as defined in claims 1-2, wherein the viral hepatitis is from
infection with hepatitis C virus (HCV), hepatitis A virus (HAV), hepatitis B virus (HBV),

or hepatitis E virus (HEV).

6. The composition for use as defined in claims 1-2, wherein the virus is a non-A non-E

(NANE) hepatitis virus.

7. The composition for use as in claims 1-6, wherein the amount of imatinib mesylate

is between 100 mg/day and 1000 mg/day.

8. The composition for use as in claim 1-6 wherein the amount of imatinib mesylate is

between 400 mg/day and 600 mg/day.



15. The conposition for use as in claim3, wherein the patient is tested
with one or nore diagnostic tests selected fromthe group consisting of a)
one or nore tests to determne if the'%@tient is infected with hepatitis c
virus and b) aspartate and al ani ne am notransam nase tests.

9. The composition for use as in claim 8, wherein the amount of imatinib mesylate is

400 mg/day.

10. The composition for use as in claim 1-5, wherein the amount of imatinib mesylate

is between 260 mg/m?/day and 360 mg/m?day.

11. The composition for use as in claim 1, further comprising an interferon.

12. The composition for use as in claim 11, wherein the interferon is selected from a
group consisting of interferon alpha-2a, interferon alpha-2b, and pegylated derivatives

thereof.

13. The composition for use as in claim 3 wherein the diagnostic test is an antibody

test for HCV.

14. The composition for use as in claim 3, the patient is diagnosed with a liver disorder

selected from the group consisting of a hepatitis ¢ virus infection.

15. The composition for use as in claim 3, wherein the patient is tested with one or
more diagnostic tests selected from the group consisting of a) one or more tests to
determine if the patient is infected with hepatitis ¢ virus and b) aspartate and alanine

aminotransaminase tests.



