METHODS AND COMPOSITIONS FOR TREATING DIABETES,
METABOLIC SYNDROME AND OTHER CONDITIONS
CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This

AP REUIR%Efaims benefit of U.S. Provisional Application No P63/8#80640026
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and other conditions, including type 2 diabetes mellitus, metabolic
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[nhibition of ergosterol synthesis. Ergosterol is a key component of fungal
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other medical conditions that are associated with elevated cortisol levels.
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glucocorticoid receptor (GR). Disturbances in cortisol levels, synthetic
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Med Chem 1999: 7(9): 1913-24, incorporated herein by reference) and
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herein by reference) the mechanisms by which ketoconazole decreases
cortisol levels in the plasma have not been reported. For example, there is
uncertainty regarding the effect of ketoconazole on the 11E3-hydroxy

R EATHrogenase (1113-HSD) enzymes. There are twd' & 1#Ais(§00026
enzymes. One of these, 110-HSD-I, is primarily a reductase that is highly
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is known to inhibit these three enzymes (Diederich et at, supra) and the
incoe At LRI EFRESre active against the adrenal 11b-hydroxylase

gﬂeeepzynmmaaaﬁ)theawﬂﬂammmmmrb@Rmtstenf&tsahzﬁmf@)stbm\mmmsol
here ar no re orts the two, ketoc
synthem ﬁFucg ISP %ﬁ]éﬁre or 1&%@(&@% \Ivé;/ gazalz s&bstt edio

enahtiomers on el OItIS no possi
biphwmszeeevwmmwme@sﬁ@d@@wrpaeam WwWrhiteffedtB4 M0 Rathettwdnl

ther ARIEGK eiOBARAZONB BB OmEs i sacy bR A DR Jeysls. of the

active g lucocaorticoid levels in a mamma 07]Ketoconaz e has also

incopporat ﬁﬁ@&ﬁ%%&h%&&&ﬁ%@%ﬁ%@(@%r & iatapisane)t
ketoc&emﬁermpteatte@ammdmmaungisys'ym@&w@mmemrmm 37818-25) and

11 R A B o LR BT A dEHl o s

;nhlﬂipﬁpmmnkjnettc&ymbypemalest@m@wases](L1|;3KHRB§) 3AMo8QBholic

i O By R e R a0 L D) A BeRerered

hereigdm mlﬁgtm)tﬁam&mm%dﬁieﬁmmm«RMMmhaﬂ infel) in the
I I

PR S A LRI e

ketogymaprissibléred piduidromy icteid Meﬁxegthesﬁﬁ Wfﬁﬁhmpmfmere are two
I t lowerin chole te oI I

Hp I%é08 %S:eIIII é I?gm@%%ér?éggﬁﬁggﬁh&apeﬁg IS coémp I‘csgte IBI

expresifetinfikdiveoneizole onthe tﬁaﬁﬁ@wz:yme@mgbmnmm@dﬂtdmhg active

gluc &I@t%?&% Fé? Y%{%IugIaIQe ccﬂ’? g girhne I%E% rII;‘IbIt the her II:I

etoconazo Rotstein et , Supra). IS IN O an a el’é.tl

HSDidlihereiamancsprietbiohiakifadsait Brassisedly, 2Disposidentbit converts
actwls conRzelRa A AR A0HIHNGR! ) PUBARR AL HIHEPR, AGEALR 11keto

emather 1982; 21M: 151-8, incorporated herein by reference) and
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found in the plasma and the time period over which the measurements are
made. The AUG for ketoconazole following the first exposure is
significantly less than the AUG for ketoconazole after repeated exposures.
This increase in drug exposure meafs that it is difficult to provide an
accurate and consistent dose of the drug to a patient. Further, the
increase in drug exposure increases the likelihood of adverse side effects
associated with ketoconazole use. [0009]Rotstein et at (Rotstein et at,

supra) have examined the effects of the two ketoconazole cis enantiomers
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Thus, there remains a need for new therapeutic agents and methods for
treating diseases and conditions associated with elevated corfisol levels or
activity or that may be treated by lowering cortisol level or activity that are
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in the manufacture of a combined preparatlon for contempaoraneous or
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ovided use 2S,4R ketoconazole
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manufacture of a medicament for treating renal failure, tuberculosis,
psoriasis, depression, Cushing's Syndrome, glaucoma, stroke,
Alzheimer's disease, cognitive impairment, neuronal dysfunction,
dementia, decreased insulin secretiof, elevated intraocular pressure,
impaired renal function, albumin leakage or premature cardiovascular
disease. In another embodiment, there is provided use of a 2S,4R
ketoconazole enantiomer substantially free of the 2R,4S ketoconazole

enantiomer, in the manufacture of a medicament for treatment of
Aenraccinn In 2 forirth acnect the Nnrecent invvention refarce tn the 11ca



In a ninth aspect the present invention refers to the use of 2S.4R

ketoconazole enantiomer substantially free of 2R,4S ketoconazole

enantiomer in the manufacture of a medicament for modulating an
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Also disclosed are methods for treating diseases and conditions
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endyigel 82 shawsdhe.eflastof thadaurketnsenazalsenanfiomers 35.4S,
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and 28,4R on plasma corticosterone. The 2S,4R enanti
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patiem@antiomer is more effective at lowering corticosterone than either
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the two enantioraers (2S,4R an , resent in racemic ketoconazole.
of TR kRSl ghA treretrsiated pikbraeipersaredts kb cariuotaTotithis, but
proyiiannacakingiioRiaiie Bt acerih KaRFARAZAIGiI1IQ05H Y patent, arrhythmia
f %h%macolcmetllc Qrofll f racemic ketoconazole is clearly altéred by prior
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olive oil and jn a solid tablet foréflg %@gﬁ?ﬁ%ﬁ%ﬁ;ﬂn 8{%‘3{%1&6@%"%} published

repoEt S kAl oMoreamrthe b 6hY0Ic hdk e fnifsmalokdoginthatdvere
ketoti@airdeabionce:HI03 QI igtteoe-siowaie Siasll PHOR SROSMIERers »

. racemic k le.on. the phannacokinetic profile of racemic
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greater in dogs treated daily for 28 days as compared to dogs treated only
once. The increase in AUC is indepehdent of the foon in which the
racemic ketoconazole was administered. [0021]Figure-6 shows the effect
of prior exposure to the 2S,4R enantiomer of ketoconazole on the
pharmacolcinetic profile of the 2S,4R enantiomer of ketoconazole in dogs.

The phamiacolcinetic profile of the 2S,4R enantiomer of ketoconazole is
not alteread by nrior evnociire to the 2< AR anantinmer of ketneconaznle



[0022]Figure 7 shows the effect of prior exposure to the 2S,4R enantiomer
of ketoconazole on the AUC of the 2S,4R enantiomer of ketoconazole in
dogs. The AUC of 2S,4R enantiomer of ketoconazole is not increased by
prior exposure to the 2S,4R enantiomer of ketoconazole. The AUC of the

dinAm<hRIERGREMNer of ketpsonazeieds he sare:inifoes Heasrdl SRIHOLZE in
days as compared to dogs treated only once. DETAILED DESCRIPTION

SRR B ERION (DO PA BrehtrertisHTbrovides 6.040.307 does not

allphapnaceLicadcamPOSIHENs:GemPiistng heidd AR KalReenaz8l8solated from
enantiomer substantially or entirely free of the 2R,4S enantiorner, and

froZ8R §%5H8 of using such compositions. Substantially free of the 2R,4S
enantomercin aneembadirdeit, nmeanstaliihedetocanazatehcantentafating
. the pharmaceutical compositian is,less than 2% of the 2R,4S.enantiomer
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content of the r ical composition is Jess than 10% of the 2R 4S .
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ketoconazole content of the pharmaceutical composition is less than 20%
of the 2R,4S enantiomer and more than 80% of the 2S,4R enantiomer.

The present invention-A{EH A Yi§8E FaFhBYYE KoY tlédting diseases and
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and conditions that may be medically treated by reducing cortisol levels
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follows. Section I.d sgriﬁ”des methoids_égr%regaring the 25,4R enantiomer,
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accheatinivll describesninidosage: fosips OfdineypharmasestitahcompasiaRic
ketgggh&ezg)né/ention and methods for administering them. Section Ul describes

me?hod]s'for treating diseases and conditions by administration of the

25,4R kétot onzzold e neastiomey amidp helermdcabticakcop ASiHiBh ketoconazole
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Free of the 2R,4S Ketoconazole Enantiomer [0024]As used herein, a
compPEIRBRICHRPAHIE N 4HEDS AR REGRD HiZ Ol SrBh ioiPetsapistantatigmer
subOlagiiinelyrfeeerof ihs; 2R 4@ ketneqnaznigenantiomeepinaiedest a medicament

" compgsitions that do not contain the 2R,45 ketoc,onazole epantiomer as
or (&I SR RS SS SRR Rt bR diTasIEEsmiiynessostaind prhyevated cortisol
levKetacanazgienenaniiomer, relative to the amount of the 2S,4R enantiomer,

than do racemic ketoconazole compositions curreptly a e‘%{l r

therdpb TR SE B SRR BT P FaeRath s SF the vehhgifeonazol
enaingluce, fobexample &ed withdRidimitetion camposititiosbr whithathetgialind
. cpnazole content is comprised, of % 80%,.0r at least 90%, or at.
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can be accomplished by any of a number of resolution’méthods well

known to a person skilled in the art, including but not limited to those

described in Jacques etal., "Enantiomers, Racemates and Resolutions,"

Wiley, New York (1981), incorporated herein by reference. For example,

the resolution may be carried out by preparative chromatography on a

chiral column. Another example of a suitable resolution method is the

formation of diastereomeric salts with a chiral acid such as tartaric, marl,

mandelic acid or N-acetyl derivatives of amino acids, such as N-acetyl

leucine, followed by recrystallization to isolate the diastereorneric salt of

the desired ena_ntiomer. Yet another method for obtaining compositions

of the 2S,4R enantiomer substantially free of the 2R,4S enantiomer is a

fractional crystallization of the diastereomeric salt of ketoconazole with
(-EY- rampbphaor-10-ci1ilfonic acid TOO2R1The 2 AR anantiomeaer nf



[0028]Salts derived from pharmaceutically acceptable organic bases
include salts of primary, secondary and tertiary amines, substituted
amines, including naturally occurring substituted amines, cyclic amines,
and basic ion exchange resins, such as arginine, betaine, caffeine,

inhpheline o) éiﬂéa’@éh%%%%?ﬂ%%}gmp?g)d@y?’yk?@ﬂﬁi1 analogs and mimetics,

2-diethylaminoethanol, 2- dimethylaminoethanol, ethanolamine,
ande il Brie ERaFATAR ARRRIFTI-OIEHOIIREY NemoEsisef dmEngittatimhdS 1P receptor
agHHEOSAPINE AMStiding PhyiiBBamiA . iRRFAPMIANAINE AFSIN@ ptor 3 agonists; ()
methylglucamine, morpholine, piperazine, piperidine, polyamine resins,
hYlreEEIne PifHites AHECOrSHTE! thtyILnisE tAnfORyRine! (1) HMG-Coa
rediripag@pytamings and tseqnethandneiipnaidbenikex [Q820]Whemibecids and salts
compound to be formulated is basic, salts can be prepared from
e R SR Btable AR Inc RGO e ARLRBIGA G hbtero
absBtclvadids)incilde Acéiice habr anestlfefticsbemzbicycampheisylianioxidants;
tric,, ethanesulfonic, .fumaric, gluconic, glutami robrqmic e
S e AR A el e o
(n}mangiephitnion parnoitg péntotieénioyp hsphonitesidscinied sGifuripotantarigrosine
pst ulfenic aci li frati h eult] ot For
P e oo e e Ty e ey e arin for
copipBpoteusafftiicand etntEdivs. Ketodopei sletoompb ety agthe onset

of, BHRUAGS] }Q%%EQ@}HW%M%%@ HaleailibR Audfhkgipeonazole

compound can be made and handled as a non-pharmaceutically _
accep R LAMRE ANk Shertcstatev iy iy Syhthkareapry the nantiomer

sutseRvRliedas desgibeddereindondphammasriicalyaeqentablecsalt-reductase
[0030]Suitable pharmaceutically acceptable salts of the 25,4R

inhiRItBE Rl BIeP BRARTEI & i I8 Bitate Aot IRARBT too ths tHEGyalle risk of
devialdnge hiparaksieiciariaie, ydiochiatice, hysromomides gsylatei DL levels,

-toluenesulfonate, penzqate, acetate, phosphate, and sulfate salts. For. .
o O A Bty S A& s SR Lo i o
wheanpbu it gh2betiRdetoto razotetbe indalbatd/ Mt ba nedotedsavitthiieor are
co re!%irleagl cid[ in the presence of a.suitable solvent by conventional

1N CAITICr H1 4 SINGIC MeaiCaine:,

methods. Similar y, an acid addition salt can be converted to the free base

fauriby ihethedeekhdwrptostndsevshskill mithe trthavee of 25,4R ketoconazole
end Q0BT 2RI G BROAP/00926 I00R 1 PharmAReHiSa SADRRSIAnS ¥ of o

the invention can include metabolites of the 25,4R ketoconazole _
medi¢angs n &M tHEREEPE thatdp&itiegliy Sevai o prodpuigsisf deerasapitiomeshing’s
Sy RkBELIOS RIR FRINPMRES E@%@fﬁ&@w&%@a@e{o éBgﬁ%ﬁ‘éﬂiﬁﬁlB{MN? neuronal
dygcé:%gﬁounds as they are e%?] administered to a patient or after they have

t

AmSTERTEY 19557 pateht D FHiEithe SPRfscelitfegrular pressure,
imEARPeSIiPhs QfdneiPveniQRIGAN BrisR- e RS ARIKOIREERAZN ase.
enantiomer, or g pharmaceutically acceptable salt, hydrate or solyate |
therdbf O TBATHTEP VS METABBIRG HHeRar2i LbRUAIARA it g iomer
subphariacelitically aecaptallckearrieranid suhstantially iar artirgbnirberofdhe a
me§i§a4%n%r}gntijga ler. tll’c]) 0 er%rgl%odiment, the pharmaceutical composition
contams a tﬁerapeUtlcaF effective amount of the 2S,4R enantiomer of
ketoconazole or a pharmaceutically acceptable salt thereof and a
pharmaceutically acceptable carrier. As noted above, pharmaceutically
acceptable salts of the 2S,4R enantiomer useful in such compositions
include, but are not limited to, the hydrochloride, phosphate, maleate,
fumarate, tartrate, mesylate, esylategand sulfate salts. [0033]The
"therapeutically effective amount” of the 2S,4R enantiomer of
ketoconazole or pharmaceutically acceptable salt thereof will depend on
the condition to be treated, the route and duration of administration, the
physical attributes of the patient, including weight and other medications
taken concurrently, and may be determined according to methods well
known to those skilled in the art in light of the present disclosure (see
Section Il, below). The pharmaceutical compositions of the invention can
be conveniently prepared in unit dosage form by methods well-known in

the art of pharmacy as medicaments to be administered orally,
narantarallyy (inchidina ciritheiritaneniice intramiicectilar and intravenoi e



the pharmaceutical composition is intended for oral adminisnation. Oral
liquids suitable for use in such compositions include syrups and elixirs and
can contain, in addition to the active ingredient, sucrose as a sweetening
agent, methyl and propylparabens as preservatives, a dye, and/or a

flaveingsSENaa5.ENaIEYPE-QRaRIeAaVR ARSI ANOING! AMROUMERhazole

the present invention provides a gharmaceutical composition of the 2S5,4R

enaRERIBSh AR BiskitiveR < ShedBl s Torpatetterarainipist dhe mamgfacture of a

me&@é@%ﬂf%ﬂﬂBﬂ&&%ﬁﬁ?@%éhﬂa@h@!ﬂﬁ%@%&m composition is typically
contained in ampoules or vials and consists essentially of an aqueous or

non!AEERE SBRiton BFENUIRIBH I tPhedE AnfhdsifiBnkeiresarielay iAntiumer
subtesmiof @ selution giesuspensiemand-ale tnisallhprepangd Withwalelhe of a
%nd ogntg a{!l include su_éfacta tsgch as hydroxypropylcellulose.
me (i:éaf)rérnslo%rs cegr(%:gip?e 4P ](5‘%155% FSW%’quid polyethylene glycols, and
mixfures fifiehieafnecoilicky picallyy ideepasationa thaare imodiiedlfosmalismner
contain a preservative, [0 In another embodiment, th :
s B e Rr e kgL AT o afgye of @
me¢ormpoifiortistinggectaple. solution. The pharmaceutical injectable
dosii, foumis-JRling AdHepH SRV RS nd ASPRIIRS AN ROWIRIR mer
for the extemporaneous preparation of injectable solutions or dispersions,
Sub&‘i@’aﬁb’_sféﬁfiflgéén@,eatzﬁqéstirkét@ff&@ﬁﬂ}ﬁsmi@?wfe suffisientyiliidifor of a
me&RSMSW RN, TNERSGRAMARIUCNS 316 SI3RIe HRARLIDG CRNGIORSAE:s (o
manufacture and storage and are typically préserved. The carrier thus

the it dés thd OBt eispe ssibriasieditinitee nedinisg 2fort S xarapliongatdr, the
maM/A-2R0/07 BRA1LR G B2006(R08R 28 ethroel-PalyRl 494 AYERWlosed with a

propylene glycol and liquid polyethylene glycol), suitable mixtures thereof;
congiiiplEHaERI A Poessifheisinel Svtodivhenstt dhe prairarauitatipted to
proaickeptablecarsigids:a gal 1 andithel phaymaceuticai i eepRasition isl H-imidazol-

rovided, in the form of a suppgsitory. For rectal administration, the,
e A e B OUIREE ) SUBAGHSry afngh et over
perplarfeadeutitdldageepiablaitantiérais a8hywdrophilic or hydrophobic vehicle.

In apo badiment. the pharmaceutical campgsjtion useful in the .

e e R S g
subkiarsidhadote erathioraBe4s foateatateth as ennuiivtneenin THe 28¢Rration of a

meEPRARHMEL GaR RIS PSradministered ransd Q&‘@rl’c%%#ﬁ%?éﬂ yansdenp@ison

delivery systems are known in the art. [0040]The pharmaceutical

chaggsispestibnsisr sl ipveiseblexutds inbiige Suxtindt feleepsazole enantiomer is

for GAARRSIHIARS oPHILNIL.AVAIRINeH 8RS S FATRARLIONSE G e IBOSE results in
described in U.S. patent application publication Nos. 20050013834;

& copYat1 soRT A 66bd8E8L Bnd et intadntl A pricaifdopumiatibn-[(LH-
imilN@s!- W) 03081258 amd Q152833] ancheiywhiabrs inspmerated eeinby: a
.reéer nce. R Lﬁ it Dosage Forms, Frequency and Duration of
PEIR r?ﬁ‘ilf's c}n ﬁl]As noted above, any suitable route of administration
canibexeniployetddnproyiting i@ previtadl sy pitally arb useerdobgble enantiomer
mammals,of veterjpary, i rtance, such as cattle, horses, pigs, sheep,
s A2 RSP RO 1S OO lodirbisa R Wt
medidieeapéuticaliynefigutim dosengfther28jdRobaantioimeat blFor example,
oral, rectal, topical, parenteral, ocular, pulmonary, or nasal administration
can be employed. Dosage forms include tablets, troches, dispersions,
suspensions, solutions, capsules, creams, ointments, aerosols and the
like In many embodiments of the treggment methods of the invention, the
pharmaceutical composition is administered orally. The therapeutically
effective dosage of the active ingredient varies depending on the
particular compound employed (salt, solvate, prodrug, or metabolite), the
mode of administration, the condition being treated, and the severity of the
condition. Such dosages may be ascertained readily by a person skilled in
the art in light of the disclosure herein. [0042]When treating or preventing
the diseases and conditions as described herein, satisfactory results can
obtained when the 2S,4R ketoconazole enantiomer is administered at a

daily dosage of from about 0.1 to about 25 milligrams (mg) per kilogram
(mnl) of bodyy weinht nrafarablvy ainzen ac a ecinale dAailvy doce nr in divvided



Inactive Ingredient Trade Name Grade Function Silicified Microcrystalline
Cellulose Prosolv RD 90 NF Diluent Lactose Modified, 316 Fast Flo NP
Diluent Monohydrate Corn Starch STA-RX

clevated cortisol levels, said medicament being capable of reducing cortisol levels in said
patient, wherein the 28,4R ketoconazole enantiomer is suitable for being administered at
a constant daily dose, and wherein the constant daily dose is capable of resulting in a
constant exposure of said patient to 1-acetyl-4- [4-[{2-(2,4-dichlorophenyl}-2-{(1H-
imidazol-1-yl}-methyl]-1,3-dioxolan-4-yt] methoxy] phenyl] piperazine (MPP) over a
period of at least 14 days.

In an eighth aspect, there is provided use of a 25 4R ketoconazole enantiomer
substantially free of the 2R.4S ketoconazole enantiomer, in the manufacture of a
medicament for treatment of impaired renal function,

In another embodiment, there is provided use of a 25,4R ketoconazole enantiomer
substantially free of the 2R, 48 ketoconazole enantiomer in the manufacture of a
medicament for reducing albumin leakage associated with diabetes type 2.

in a ninth aspect the present invention refers to the use of 25.4R ketoconazole
enantiomer substantially free of 2R,4S ketoconazole enantiomer in the manufacture of a
medicament for modulating an immune response to a cell-based response from a humoral
response.

Also disclosed are methods for treating diseases and conditions associated with
elevated cortisol levels, production rates or activity and other diseases and conditions that
can be treated by reducing cortisol, or diseases or conditions that can be treated by
reducing cholesterol levels, production rates or activity by administering a
pharmaceutical composition containing a therapeutically effective amount of the 25,4R
ketoconazole enantiomer substantially or entirely free of the 2R.4S ketoconazole
enantiomer.

Also disclosed are pharmaceutical compositions comprising a pharmaceutically
acceptable carrier and a therapeutically effective amount of the 25,4R ketoconazole
enantiomer substantially or entirely free of the 2R.,4S ketoconazole enantiomer
formulated for use in the methods described herein.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 shows the effect of the four ketoconazole enantiomers 28,45, 2R 4R,
2R,4S, and 25,4R on plasma corticosterone. The figure shows that the 28,4R enantiomer
is more effective at lowering corticosterone than any of the other three enantiomers. The
concentration of corticosterone in the plasma of Sprague-Dawley rats was determined

four hours after delivery by oral gavage of 200mg/kg of the indicated enantiomer,

Sc



NF Disintegrant Magnesium Stearatc N/A NF Lubricant Colloidal Silicon
Dioxide Cab-O-Sil M5P NF Glidant [0044]The excipients listed in the
receeding table can be combined in varying proportion with the 2S,4R
%ﬁ?f’éf?ﬁ?% obtain specific drug tablet and manufacturing FCT/ZB2006/660026
characteristics. The drug tablet size can vary from 1 mg total weight to
[081360 miiesraldsbighs thecEkaimprecamnit itheerdiirand S fsrhwb0dsmgpntiomers

JRiapdhweighio,800.md tefabyright. The BAROHAN:OLING 2R AR factive at
enantiomer present in the drug tablet can var)%g%())m 1% to 100%; for

lovgsPHh SR8 e o e AT BT 1698 Ry 81607 A Whehatisrapupsgsont in
racmgitdblotwviihdie 254R BranticmertamprisingB0Yo:ef ihadablehweighiague-
T T T —
of githerragenvie distorolerarie thddistaccinattvesX2highediB, f5e ssedrasaacemic
ketdby:lgnd into tablets. Component % w/w Tablet Weight

[6018] Figure 3 shows the effect of racemic ketoconazole or the two enantiomers 2R 48
and 28,4R on the time course of depression of plasma corticosterone. The 28,4R enantiomer
is more effective at lowering corticosterone than either racemic ketoconazole or the other cis
criantiomer present in racemic ketoconazole (2R,48). The concentration of corticosterone in
the plasma of Sprague-Dawley rats was determined at the indicated time after delivery by
oral gavage of 200 mg/kg of either racemic ketoconazole or the two enantiomers (28,4R and
2R, 48) present in racemic ketoconazole.

[06019] Figure 4 shows the effect of prior exposure to ketoconazole on the
pharmacokinetic profile of racemic ketoconazole in dogs. The pharmacokinetic profile of
racemic ketoconazole is cleatly altered by prior exposure fo racemic ketoconazole. The
concentration of racemic ketoconazole in the plasma of dogs that were dosed with racemic
ketoconazole daily for 28 days (in two different forms: in suspension in olive oil and in a
solid tablet form) is significantly greater than the concentration of racemic ketoconazole in
the plasma of dogs that were treated only once.

[0020] Figure 5 shows the effect of prior exposure to racemic ketoconazole on the
pharmacokinetic profile of racemic ketoconazole in dogs. The Area Under the Curve (AUC)
of racemic ketoconazole is increased by prior exposure o racemic ketoconazole. The AUC of
the pharmacokinetic profile shown in Figure 4 was calculated according to the frapezoid rule.
The AUC of racemic ketoconazole is greater in dogs treated daily for 28 days as compared to
dogs treated only once. The increase in AUC is independent of the form in which the racemic
ketoconazole was administered.

{0021} Figure 6 shows the effect of prior exposure to the 28,4R enantiomer of
ketoconazole on the pharmacokinetic profile of the 2S,4R enantiomer of ketoconazole in
dogs. The pharmacokinetic profile of the 2S,4R enantiomer of ketoconazole is not altered by
prior exposure to the 28,4R enantiomer of ketoconazole. The concentration of the 254R

enantiomer of ketoconazole in the plasma of dogs that were dosed either once with the 28,4R



(mg) (-)cis 2S,4R Ketoconazole 50.0 200 Lactose Monohydratc, NF 22.4
89.6 Silicified Microcrystalline Cellulose, NF 16.5 66.0 Corn Starch, NF
10.0 40.0 Colloidal Silicon Dioxide, NF) 0.5 2.0

WO 2086/072881 PCT/EIB2606/006026
enantiomer or were dosed daily for 28 days is not increased in the dogs treated for 28 days as
compared to dogs treated only once.

[0622]  Figure 7 shows the effect of prior exposure to the 28,4R enantiomer of
ketoconazole on the AUC of the 25,4R enantiomer of ketoconazole in dogs. The AUC of
28,4R enantiomer of ketoconazole is not increased by prior exposure to the 28,4R enantiomer
of ketoconazole. The AUC of the 25,4R enantiomer of ketoconazole is the same in dogs

treated daily for 28 days as compared to dogs treated only once.

DETAILED DESCRIPTION OF THE INVENTION
[0023] The present invention provides pharmaceutical compositions comprising the
28,4R ketoconazole enantiomer substantially or entirely free of the 2R, 48 enantiomer, and
methods of using such compositions. Substantially free of the 2R,48 enantiomer, in one
embodiment, means that the ketoconazole content of the pharmaceutical composition is less
than 2% of the 2R, 48 enantiomer and more than 98% of the 28,4R enantiomer. In another
embodiment, substantially free of the 2R,4S enantiomer means the ketoconazole content of
the pharmaceutical composition is less than 10% of the 2R,4S enantiomer and more than 90%
of the 25,4R enantiomer. In another embodiment, substantially free of the 2R,4S enantiomer
means that the ketoconazole content of the pharmaceutical composition is less than 20% of
the 2R,48 enantiomer and more than 80% of the 25,4R enantiomer. The present invention
also provides methods for treating diseases and conditions associated with elevated cortisol
levels or activity and discases and conditions that may be medically treated by reducing
cortisol levels and cortisol activity with these pharmaceutical compositions. To aid in
understanding the invention, this detailed description is organized as follows. Section I
describes methods for preparing the 2S,4R enantiomer, its solvates and salts, and
pharmaceutical compositions comprising it. Section I describes unit dosage forms of the
pharmaceutical compositions of the invention and methods for administering them. Section
I describes methods for treating diseases and conditions by administration of the 2S,4R
ketoconazole enantiomer and pharmacentical compositions comprising the 28,4R

ketoconazole enantiomer substantially free of the 2R,4S enantiomer.



Magnesium Stearate, NF 0.6 2.4 Total 100.0 400.0 100451A drug tablet

formulation for 2S,4R ketoconazole was described in US Patent

Application 6,040,307. This formulation included the active drug

YibEtetasl) ketoconazole, Lactose, Cornstarch, water and NVidgResiip026

Stearate. Wet granules were generated with the ketoconazole, lactose,
L watBreasrdtoernfdtarzhih Essogeapustesinanieotris dua Brrovess el tempositions
con%m@ﬁ&%%%wg@mg Wb SHEALAE AN MOKLIE LRSI o, 45

Tablets were compressed and dried. This is a less optimal method than
Ketgransrads dinartipshvention described above using a dry blend process,

as excess water and elevated temperatures are not introduced.
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oxidation reactions are accelerated in the presence of water and elevated
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adminstration, the amodnt of the 2S,4R’ketoconazole enafttiomer can
em”flﬁﬁB@l’From about 1 mg/ml to about 200 mg/ml. The therapeutically
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Inhibition of Cortisol Synthesis [0049]The 2S,4R enantiomer of
ketoconazole is significantly more effective per weight unit at lowering the
plasma concentration of physiologically active glucocorticoids than is
githeitiE 3 emic ketoconazole or the other enantiomer in r&€&rH2006/000026
ketoconazole, the 2R,4S enantiomer. In addition, and as demonstrated in
inotpenieiguoegaaied: iiith 8 Hx dpnpyies dyetoingamd asasis timdtfroauraicem) Gmmonivum,
calfElocongecle. e 2SR aasniiomendass nokeause Alims dependent.,
Incréase In"éxposure to 2tllle 2S,4R énantiomer. Thus, the’methods of the’
sodppaserd mvertltn wffdhsigmfitmmieraiyautie berefitearssiBpotissium, and
sodtiMeMingithe.administatienRidasemickeiosepazeiainde Keatment Ofis in
diseases and conditions associated with elevated |evels or aberrant
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atients with Metabolic Syndrome. Patients who already have impaired
metg gsaber dreebriive BiprERiar pipabmey R EveR HESHEec s R apEiass.
thedbriheinyasenseafiahnetinallyhigh eNplsofcarisabdiohevelsef seutisohike.

also lead to hypertension, in part throygh activation_of the
LA ot A e e S
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kefaconazole,.a cortisol synthesis inhibjtor, for the treatment, control,
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In one embodiment, the method involves administration of a

ketoprayagsla ARG BRSAmRS AL bird ZoviroRathumasen ealiarmorntably salt
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L entire}% fr§e of otthJr ketoconazole enantiomers, to the patient suffering
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P ana hypertgnsion. Thg’seg]earﬁlggﬁﬁtg’r %?s%éatg’es and %@%ﬁ%ﬁé@ﬁg@%ﬁb% to
hydgebamisst witeithe coumpesifonaiofenzonire Atsn thrhicsphaanoel\willithealts. For

the pRgihadsd thratavantisnayadeseihes-kelawiibiabeies Metabolicid or 25 4r
ke‘to% I?dg me, ?ﬁgd elated Diseases ﬁagg Condjtions [0053]Diabetes is i
CRUGSE DY TR TSRS HAETE OSSR arisidtiaBrerey e phtegpitable
solviaidiy @hplasmablugbeds (Bypdaglycenid) iddite-fasingstaieodhers &ehe free
f I m jabetes: type 1 diabetes, in which
basegg%ﬁrﬁg%%%&gﬁ% c??dkt%a%ﬁsggl(%r{ﬁq%r%%g%bne which regulates glucose
production and utilization, and type 2 diabetes, in which patients produce
insulin and even exhibit hyperinsulinémia (plasma insulin levels that may
be similar or even elevated in comparison with non-diabetic subjects),
while at the same time demonstrating hyperglycemia. Patients with type 2
diabetes typically have some degree of resistance to the glucose lowering

actions of insulin. Type 1 diabetes is typically treated with exogenous
inciritlin adminictaread vvia iniectinn TOOBATHOwWever natiente with tvvne 2



diabetes are also at a risk of developing a constellation of signs or

symptoms previously referred to as the "Insulin Resistance Syndrome,

Dysmetabolic Syndrome or Syndrome X", now more widely known as the

ietdlsdlié®8yndrome”. Metabolic Syndrome is characterized OR/@2006/000026

2006/072881PCT/IB2006/000026 by inSulin resistance, along with
[003bdomitaiiobesitisahypariestiinesiticiigrobloberp raskdeeridok DB (dvkds,
28, MORMBJHglVRerEe ANB AR h@k@gﬁ&&@@%ﬁ@%’% FRBIRGER cnantiomer.

e

lucose levels. These patients, whether or not they develop overt diabetes

Progiggiate spuprumdydasatr FeR GHEd R IBHRRY el RAVa semigunds as they are
beif@auplications listeshahove sRatiesiswithMetabelic-Bwidkomehaxe been

orted. to have abnormalities in cortisol levels, production or catabqli
00 A Bt e o SR e ol
kethypranensioniandcatherdelsrosistivEhdoerpoldgie 198 tr4e () g8eThereof, or
a phofilipSekale FEYaiRd @@%ﬁ@f@ﬂ&%&%%ﬁﬁg&@%&@%gﬁ%&gy%

birth- weight and the insulin resistance syndrome?" J Clin Endocrinol
carfifa e 1@@@%@3{@9 orrgsitiesty BREORFE RS SIS dn @R sRYSiBGRG the
pha@tfﬁdﬁ@?}iﬁi%&@ﬂﬁﬁ@xﬁ?%&iﬁ@ﬂ%@%M&%(&@cﬁ@@&ﬁéﬁﬂﬂbﬁ@%ﬁ@@m
of.which |s incorporated herein by reference). [QQ571 Treatment of type 2
o e AT 6 BT ETSEY A VRISl PRYUAPEAer e
phagitherwianly ecdepthinviatio fwithiphdme qdlagiedhsiegly. Ananeakiagthef the

25 piesdevel aLIARYHInRY sdmibinttalan AlsHANHIEAR (R dolamide,

and glipizide) or meglitinides, which stimulate the pancreatic beta cells to

hydsaehioiade phosabemnrataier By mfe o S nainRnsilsiafony éds wits.
(oo 0litintesiRespme NS arivRcGanIasul indnsin Gonesnitationsighzole

ulin-resistant tissues. However, dangerously low

nough ta stimulate in
Sh i e e I A R R A AT
routesistanceicanidimaiehyihecuhe YOOGS Bigilanid es teducexzebslitg weight

ampcg‘%% %&%?C%E&lgﬁﬁéﬁ ct:)é{lgaheréivﬁ F 3 inacr a3k einslzltjllaicri] za?cecgz%giry it¥d methods well
resulting in some correction _o? {fperg?)llc}émla: owever, man

knogathaessliallpd pHaafotmmhiei e retiorei, dsposmrdedatetianidosidow). The

phaﬁﬁﬂ%cmgﬂﬁémﬁﬁs LQQQQ hiRsihiazplidineionesr Fliasangsutiedo sage
5-benzylthiazolidine-2,4-diones) are a newer class of compounds that

for Ry AT hCnoMgLt 4 AE\RBDBBRERYIAR BPUREIR f ge admmistered
oralypenglyeaiiya(iankl dtigen sympiams obampesditighatearhesaageisstation),
owgaﬁg SRANSLD Sensityity iny wgcﬁéagé#xﬁfbgngﬂg ags%%%%?g@ﬁa&ﬂ% \g in

or complete correctiorf 0 evate ma levels of glticos

topisgHutdmanedgwatboon Cadsisg iwgveliycemia. The glitazones that are

[oogHTentiy: Barkeled a8 AaRRRIS NG BRI SANBE RECHESSAIN 88VRIR b ining
receptor (PPAF{Q{%? subtype. PPAR7 agonism is generally believed'to be
the ?@sﬁg#&isré’%% SISV THEARTCE R DA HEEIL BBAE R HmE the

congtiteizanibshadawentRRABgontig thaidiadetgriieyelioped ies ertnentorms.
of t 2 diabetes and/or dyslipidemia are nists of gne qr more .of the

oS e e S AR R R A Al oror

Hlavgvéng wetghit dnesesisingseffdotinpediate dndiather monpasenin wibsbdissue

maliBSEnb BPLRA NG 2006I05284RC TR 2&9@699%&%&?&%@%@&%@, sugars

that glitazones have been associated with an increased risk of heart :
andgieroerystalfine e Urlontr difuralsisin phoee) Tere fehmismdcabirdsidisigerating
agenteihads=0fik aading dliapetpsranthl edategoeQRABIONS o Y REtRenvAT iddSso ft
nditi hat individually and collectiyel ntribute to Metabplic .
e R e e T e e ihaon
pregwetiies a method of treating diabetes, and the related conditions of
hyperglycemia and insulin resistance in a mammalian patient in need of
such treatment, which method comprises administering to said patient a
therapeutically effective amount of a pharmaceutical composition
containing the 2S,4R enantiomer of k8toconazole substantially free of the
2R,4S enarttiomer. In one embodiment, the method is used to tréat type 2
diabetes. Administration of a therapeutically effective amount of an
1113-hydroxylase inhibitor such as the 25,4R ketoconazole enantiomer

substantially free of the 2R,45 enarttiomer is effective in treating,
controllina and amealinratina the evmntome nof diabhetae narticiilarivy tvvne 2



obesity (e.g., abdominal obesity) in a mammalian patient in need of such
treatment, which method comprises administering to said patient a
therapeutically effective amount of the 28,4R ketoconazole enantiomer
E(ihtarita®ree of the 2R,4S enantiomer. Likewise, in anotRER/IB2066/000026
embodiment, the present invention provides a method of treating

[00RFdtaboliens yagrsraindinaahiheaiaparete s nesabile erriedtmentd and
the Whigh LomprisesRdmidsteringte: saidRatieatadhermneticaiheiieatiMas of the

amount of a pharmaceutjcal composition containing the 2S,4R
Ph%%@&?&&ﬂ%@cﬂ%“@%’&ﬁi?&ﬁm%é i B&‘fﬁ‘?ﬂu‘%ﬂlg‘tl)ﬁ% qﬁ‘?ﬂ%néﬂ?iﬁﬁ% Frgypressed or
coafstheiibs derpsis shdpuckDisal dessfiliypenensiale{ 0064 Hphibitidntofsidms and

' | : o in cholest b |
L e s,

acapienedisialarireataly it conpemiig it ioraplpensipidehaintograting agent
sucBesansahyRersnsanand uslividemia canirbuesteihe deyelonmentoh.,

atherosclergsis, administration of a therapeutically effective amount of a

and{or L AYRFLTEIRS BRTACTISSINBROPCIOR &5 PEFAT draRsHssamh bty pontain a
1iq:ﬁa@larﬂsrtm12&4lﬁk9tﬁmmzm§ @naﬁﬁ@m&_aissmbﬁlwwmr&ea@fmeoamgs or
to A Szﬁé‘aﬂt%?&? LGan,be beneficial in freati o%oPa%%c'}é“;ﬁ]adELaX g ey
onset of, Bt revenﬁﬁg ypertertsion, dys |plaem|é, and atherosclerosis. Tn
shefipe rppodihvsnt] dhisinventiorepisd destandrth ool eatngaqueous techniques.
ThANRFIPHISEORIS N AR DRIARRAHEBID PSRdRfiRMeh U alMeRtsSald varied

method comprising administering to said patient a thera%euticallg/ effective

frogn Bttt deaiteiodstbh RS ATE AR P IHECO S erpent on a wiw basis.
jooBsloconazalenenantiornas sy bstahiiathcbier afhec2R4E epdptiRMehuid, and

0651In another embodiment, t resent invention proyides a.method of

e N B B ORI Ce I O SO BRI P LA o
usehypechmdgpﬁa'jtihwm]@ysﬁnigemjéshy@ewld@mmrm‘am,a&mmﬂ%imme
ingl@kRbeifh 2 amrmalian pafisnt inneed.afsUSHLeAINent SUCHUMEOG dye,

comprising administering t0 said patient a therapeutically effective amount
andyir SREeRRS SUER & EBRPCSREH 8B ABRing the 2S,4R ketoconazole
[{mquan}iqmm&n@%mﬂaiﬁi}@&}@fﬂfb@eﬁﬁkxﬁ&ﬁ@%&m ; a‘ﬂf@:mf aceiuticai |

2006/072881PCT[IB2006/000026 Stroke [0066]Inhibition of 14a lanostero
coTEE “y?gé ea%gdf‘%‘ SHICHER°IR %%%e%ﬁ%ﬁglﬁgﬁ%eﬁmm adminisration. For
pawﬁﬁ&ll_”q_ﬂﬁﬁ@im;la(tﬁv Wmﬂ@%cﬁlmmxﬂm WMM@HMpouIeS
or HEARGHIBIabI0: e AR ARG RETU SURKS: RECANRE SRl PEHIANSI T hese

and dyslipidemia contribute to the severity and mortality of ischemic
congpRsRiEs AR hmistHYon Bf StHerdpeatitisn csfeampsiamauhtsftypically prepared

witﬂ%&;]aﬂzﬁsﬁifgﬁicﬂﬁ!l}ﬁﬁkb&lﬁjﬁ%iﬂﬂi@gﬁhﬁé&}ﬁéﬁﬁw e %@glﬁ@g&g%ﬁéﬁom
s the 2S, etocanazole enantiomer substantially. free of the 2R, 4
con g T R Qo A AP A BT SR RS0 of oo
Tyrselignpicstrokes fmome eniticeihfont, 4ve toveritiappremidiesza method of
{ooyﬁat'”%%b%ﬁ&eé}i‘fﬁoﬁﬂ%ﬁ,%é gﬁ&%@&%@giﬁ ag%ega&%%%e%r%aé}@% , and
said method comprising administering to sal patle%t a therapeutlca(ﬁy.
the ghreairssHied yrrBralitaihtacaisstle sphpissitibhe cdntalntagtisnd iRBofRle
doskgiasanazale.enariianes suhstantialydee-abiheRdwaenantiomer
Alzheimer's disease [0067]Inhibition of 140t lanosterol demethylase and a
o SR R R EE R S1 AP T RO B SI A ARG M s e kiR cafifegd. at the
timeedudtionisirdhename sinifiofeedtifiol dfer beyeficiakibitigatihgse codzhaimaissre
' isol gciat ith the
R B i S
carmipf SR dssdhsfselsemisonthspratior arafirse catiajnbienfeh eltarks disderse,
administration of a therapeutically effective amount of a 14a-lanosterol
demethylase inhibitor and an 1113-hydroxylase inhibitor such as the
2S,4R ketoconazole enantiorner substantially free of the 2R,4S
enantiomer can be beneficial in treatng, or reducing the severity of
Alzheimer's disease. In one embodiment, the invention provides a method
of treating Alzheimer's disease in a mammalian patient in need of such
treatment, said method comprising administering to said patient a

therapeutically effective amount of a phanrtaceutical composition
crontaininA the 2< AR ketoneconaznle enantinmeaer ciribhetantiallyvy free nof the



important is depression. Muck-Seler et al. (Muck-Seler et al., "Platelet
serotonin and plasma prolactin and cortisol in healthy, depressed and
schizophrenic women." Psychiatry Res 2004; 127(3): 217-26, incorporated
MR Eas7 1éference) reported that plasma cortisol levels werBGSigaHeantRp26
increased both in schizophrenic and in depressed patients compared with
ethaahhawitichéalthyl pomtiobsoby lorestrmdiodibdentd helintaitiorebrovides table
milAGHQH-plfFeating depiession in a mammalian patient in need of such

treatment, said method comprising administering to said patient a

[043 8 ap tramty s rebpdE sitotis PEranaraira s dteentadmirsemdn tthand the
phabARuketo conpssis.snapiiemer substantiody fweokiley2RdSctal

enantiomer,, Cushing's Syndrome [007Q]Cushing.s Syndrome is a
s e B e o e SIS Y B e B s
phimtheiviblebe sipedie.ciresés highdepbibmayydaylbdhory edebndh gharics:
eraPRARGIOR. duE 10, A Rl LRLAARGANALY- IR AR RIAdYSIng

the cortisol secretagogue ACTH in excess or be due to a tumor or

pregragidar bing aepbrmigand Persethiearerirpaipréuneds Bormgsied as an

oiitadiaNtHwith SUshings:sy ol ameRitamieyelon ¥R Aabet®Sumble transdermal
d iTreatment of Céisf%ih%g};s 3& ¥ndrome can involve removal of the offending
NSRS ARt th*Eortisol synthesis inhibitors such as

[OWtyraﬁ%@M@M@m@iﬁﬁn@gmmmdm MeirpleyiGieedicdease
corﬁpcgsﬂﬁ%egﬁi%fle%H%ESEQE?IQE%QQ)%H]M%[%@ i ‘8&6 t%gg )clleéégﬁéc? itn U.S. patent

incorporated herein by reference). In‘'one embodiment, the presen
PRHGEFRIbPEPROFIHES D 2SR b3 Frda AP EA KRG e sy HIRSTS 17 anddtehprient
appIReHRf Ut Areatmant whish methadiennirises a6 a1 aRithted
b atlen%%etherapeutlcally effective amount of a pharmaceutical composition
CI§FRE SE A Retoconazole enantiomer substantially WO g
2006/072881PCT/IB2006/000026 free of the 2R,4S enantiomer, alone or
. " comRBatan Wb anelberaariag sYREST AN Jush as
metyrapone Or aminoglut thinTide. Decreased sulin Secrétion
[0071]Glucocorticoids have been shown to reduce insulin secretion in vivo

[oodge Billaudgtanch RUURY s AURELEHRAbEAHARHISHARR HPARIRRE o

secretion studied by three different techniques.” Honn Metab Res 1979;
proyifg)e BERRAL VESHLF AREHE T B TERSLE AEET THRIBHIGH Rt SBFh as
catfyyithesis pigpsheigedoay, e phiercaaciistioal EompositionsseddadiBed herein,

: ofthe invention can there e bepeficial in the treatment of
i R e AR, iy
topival paenteBberidd; Iniswikaet norinbadanoiemivheta belstvindideege

foﬁ@%@%%}%éﬁ%lﬁg%f%@ @L@%ﬁs%@@lﬁﬁ{s,"@%@ﬁé}cmaﬁm

. Ibeta-hydroxysteroid dehydrogenase mediates glucocorticoid activation
ot iR AMRSPLTSREANR Hkn B iy e dinasis A st pbventsreedy.of the
invadfdl the pleonpemitdineieidydeieraroakttieo ReaainTodimeantctiRaily
eﬂ%(r;l,g\{‘(reerl 'gpggg -t?l%% %{r@?ﬁho o}f_l r‘(raatig% decgﬁasedt' sulin.sicretion in ad

mammalian patient in NEED of SUCh treamien "8 RREHBE" %lﬂ%rﬁgﬂ‘i'&
empldhivihisedtiael tels aitb fatent mahbrdipouticalty dffeftireiaintetint gha condition
beip@eeme&%uqak%@%ﬂ%ﬁ&qﬂe%mi&%é&ﬁ%&%ﬁg@%ﬁk%%@@@&%@ﬁ readily by a

substantially free of the 2R,4S enantiomer. Glaucoma’and Intraocular

perpnddlied ipdhoB et af i iiscis e BN the levels of glucocorticoid
[o0taiget rateptoeahndiftectdnBaklBP dkeray mescand tbessuseeikilidQin,

. coma (see Stakes et at, "Alter, eripheral sensitivity to ..
R bR S e e T
a d8yi Bas; alfpR) 50637, inderpot ated herein (y)eferkitcahnigpicostisoly
welSElR AR ERPaNeR JoReCAUBRIY IMPBHAN ARYCOI R MAB T Oelimes o
plasma, plasma free, and percent free cortisol levels are higher in patient
with ocular hypertension and glaucoma. The most significant differences
occurred with percent free cortisol valdes between nomial and
glaucomatous subjects (see Schwartz et al., "Increased plasma free
cortisol in ocular hypertension and open angle glaucoma." Arch
Ophthalmol 1987; 105(8): 1060-5, incorporated herein by reference).

[0073]In accordance with the methods of the present invention, inhibition
Nnf 1112- hvdrovviace activvitys by the adminictratinn of the 2< AR




of excessive stress, high glucocorticoid activity shifts the immune

response to a humoral response, when in fact a cell based response may
be more beneficial to the patient. Inhibition of 11p-Hsp-I activity and the
atteaelsriretiuction in glucocorticoid levels shifts the immunertazEons@ 00526
toward a cell based response (see Mason, "Genetic variation in the stress

daydéponsbaduidepsiiityote lexperinteintalkiatie rgic hacepital oy ydfitis angmount

mplicati human. in rydisease.’-ihmunal Today 1991:
D e R Y SR DRI b bt pot
linged{ P}t mrewDinErions SPNiRstaBrEodY, 18 ep: $67-81¢ Badivst wiidky
colSetRREPQIAQ hargin by seferense) inQne.eoadimant: the.inyention
« providef a method of modulatln%tthe immune response to a cell-based

PSP e TP B AR FATE R SAPHROSHIOF STR Rt ASRisHr e S HstRrIdimes
of thenrigridingnadminidiernyiie saidpatienpethetapatticsdlydeffectyesdmount

maceutical compasition of the 2S 4R ketoconazole enantiomer.
o R R R R e

mogEs Theletd dailiitdesrsnaibie 48 .pRekssarersanlteadntoeraibdamage pne
emb RIS CARLECMRLIBIM b RUSIMIDSIRIOL Qrlieaids, far access B daei o mg o

. e
aldosterone receé%itor and increase blood pressure. Ketoconazole has

abagh & 21 BRIHIR BAFRARER YRR AR PR HebR Bolinite drerebaypical
70 glonteitHamfiliy atiorrateaikeioeoitare ES pasalseae en SHAWMLIAEBSIORSE: from
kage,of al in from.kidneys in patients wi iabetes type 2
b D R PR o B o
abactdapf Tuatdnepgnpuiydy rdhaldd frcpionide thelupiigehtbemyientaleagmin.

jeodspammajianpatiaphinngsd.af suchdisaiment;said ﬁ}%ﬂ?%&%@ﬁ{ﬁl&g and

administering to said patient a therapeutically effective amountofa
Confng MG IO BBAIBEHIBRebFtRRioYs R BRI R PBIETEs Al el inactive
excitibstamiiaby-fiecafitiedR ASQNAUSMEE formulation of the 2S,4R enantiomer of
WO02006/072881PCT/1B2006/000026 Therapeutic Uses of the 2S, 4R
R G R R
foliyang tabil-appreciate that the present invention provides a method of
treating a condition selected from the group consisting of (1)
hy PSR i A iAW giuclq?%&q@ [ce, (Syrantsmiiy I.Bb.lbtog-{hl%ﬁg@
o%esny, Bl dmdaisorders; (6) dystipidemia, (7) hypartipidemra; (8)

hypertngiwesrigiamia, (9) hypsishalestrrolemiantl0)10w HD,jgugls, (11)
high LDLClgugtse(12) atherosclerosis and its sequelde, (13) vascular
restenosibaieb pancreatitisdifld) absleminal obesity] (16) .
ndurodeigecieyative disease, (17jleetinopaty, (18) nephropathyeii o)
neuropé&ibp $2@YMetabolic Syidedme, and (2Iywther conpitionsand
disdviierssuleigdemsudin] resistané@is a conjpordnt, in a mampwian
pdtieficitorkaéditeuch| tre .sajd. method comprising inistering
tolthe paﬁé@ﬁﬁ%eraoeuti%%@#éi%gg ouﬁ}&gf a pharmgg‘%at‘i%al
composition of the 2S,4R ketoconazole enantiomer substantially free of
[004dk oRTAS ertapigainEpqOOT R Paersdiag tebpe ctnthe qorekimat imvengiog
profyRMiAesa metoskoldalaying Eheyens @?é&ﬁﬂcfeﬁﬁg enseleciar.iam.the

hadrQUp con ting of Ehyperglycemia, 23 low glucose tolerance, (3) ]
¢ in%ﬁ'f?ﬁnfgsi 7ERE %8%%%%?%%%?608% Jrtieilal Bieigdiipitanmetryal weight;
for Wmlﬁmd? midlﬂ(ﬁ? lnyjietitrig @‘Gﬁ.f'fdﬁlln’ri@ b {2 Wﬁﬂrﬁemﬁi@isgml%@&) The

igh LDL levels, (12) at sclerosis_and j
P B By oAy 00 or
exagpisity) VBrHElrERsgen EranvE dited¥s; AT pretimdpalinAilLe) tablet with the
25, srephiRathy c%@ﬁrﬁ%ﬁgﬂ%@ﬁ’m@%l%%&a@m‘%%Yd}qsﬁ%ﬂﬁ’tﬁé‘%ﬁ%%%&’%%ﬁa In

conditions and disorders where insulin resistance is a component in
mammalian patient in need of such treatment, said method comprising
administering to the patient a therapeutically effective amount of a
pharmaceutical composition of the 2834R ketoconazole enarttiomer
substantially free of the 2R,4S enantiomer. 100781In another aspect, the
present invention provides a method of reducing the risk of developing a
condition selected from the group consisting of (1) hyperglycemia, (2) low

glucose tolerance, (3) insulin resistance, (4) obesity, (5) lipid disorders, (6)
Avvelinidemia (7)) hvnaerlinidemia (2 hvnertrichvvearidemia (QO)




Additional Optional Subject Characteristics 100801In certain aspects of
the invention, a patient being treated with a pharmaceutical composition
comprising the 2S,4R ketoconazole enantiomer substantially free of the
I 29eattlomer is not diagnosed with and/or is not under BEEEREHT 04026
a finigal infection. In certain aspects of the invention, a patient being
thistpeatemlonitly alphrvacestisaitbiirp ¢Sitic? iR frisingntizel @ 8pdRhe listed
inadl05RUBERE SIAINNEL SRR IR Gl the 2R 4S enantiomer i not
diagnosed with and/or is not under treatment for hypercholesterolemia. In
certain aspects of the invention, a patient being treated with a
pharmaceutical composition of the 25,4R ketoco 1a%%!§e§n hntiomer
substantially free of the&@lZlcge%@antlomeg,0 is, Aot Higgnosed with and/or is
not under treatment for one or more diseases, dmor@g?eor conditions
independently seleeted-from-the-followifg:-(1)-hyperglycemia, (2) low
glucose tolerance, (3) indtifin¥edistance, (4)qpedity, &) a lipid disorder,
(6) dyslipidemia, (7) hAFeRBRdENRa, (8) hypethiglyceridemia, (9)
hypercholesterolemigsdskQiawnl@kidevels, (11) Righ LDL levels, (12)
atherosclerosis (12) atherosglerosis ang |tg qu<=la§ (§3) vascular
restenosis, (14) ancregulls IS5y abdominarobesity, (16)

neurodegenerative dj AN retmo pathy, (18) nephropathy, (19)
neuropathy, (20) Met g yme 21)pfostated@aincer, (22) benign
prostatic hyperplasia, an ?8% other conditions and disorders where
insulin resistance-s-a-compenent—WO2006/0-/2881RPCTAB2006/000026
Reducing cortisal Iev@mﬁéﬁé’@b}‘é’ét by |praidingla c#hStarjt exposure to

1-ace_ty|-4- [4-[[2-  colioidal Siticon ) .
(24-dichloropheny1)-2skidebrigazol-1-yl)dethylj-123dioxolan-4-yll

INAAO4-H

methoxyj phenyli-piperazine {0081 jimone-aspectthe-invention provides a
method of reducini¢f8BTELEH é‘\?@@?ﬂg ubj@& bylprofidinga constant
exposure to 1-agetyl-4- Total 100.0 400.0
[4-[[2-(2,4-dichlorophenyI)-Z-[(THimidazol-1I-yI)-methyl]-1;3-dioxolan-4-yl]

[eemthowhﬁige@uim&%amqﬁmkﬁé&{&@%@@%ﬁa@f@éﬁ&cﬁa@m@m&&

that are substantlally free of the 2R 4S enantlomer to the patient. In this
Arplisiata SptEUiting Ae S tiskTaelifed s artisty Age substance, ()
ketdddh2z(Rcdtdicbdor Qphesnyth: Avater and Magnesium Stearate. Wet granules were
gen&%léd%ﬂ%%ﬁetgéé Sl 3edioaelanA:y] ”Ee”lb’éﬂl?he” %{é" Iried in
means that't rug oe§ not accumulate in the su Jectt omt
an Q8 EAH IS SRsEr TooRR] into b lsipdimemesiapsearttsaad mnrﬁst:@redtmr
Tab@eaax/i&e ratieas dadriea (818s 144 HavslurRIRLRlsIabY alderM ZBdays

28 days). In one embodiment, the doses of 25,4R enantiomer are

mv%}ﬁ*?r%fé’?é’ado@éﬁmé‘é]ﬁ%ﬁfmébé?’%HTﬂﬁ?@gd%ﬁ|§F§6§%ﬁﬁ?§?¥éﬁf}rﬂe1’ﬁt%e

temeanitocimentotliettdsesdo k2B dRaesiartin meicale (ﬁﬁfﬁﬂmr@ﬁﬁﬁnon) (Farhadi

md%ég{ t(? ,,}] one gggodhment the d e&of ghS ﬁel? enan Lome are
ministe § ?1 3 A cour

re accor to an other sc e as art a COUI’SG O
ketapraragnje hﬁqeé@mﬁbmﬂgé@f tPRSFEDY.- Taéwéﬁﬂ@dsic@@@ayg Snpipivirens, i867-

i86RIMIDIRFAI9RR: A Tp ARl JHelg i RRRLR (Of ARIRRHVEN BRI  elerated in

weight amount) of racemic ketoconazole results in accumulation of the

the BrER§TReREElH;ERE T8 STACRIRFEMERSN of drug, or the absence of
[ooegicumiiatiotident desmedstist by deiammniningdhealasaindevel tbivgtion
con%?n‘%ﬁ'@%%@’k%{‘d Oﬁz%f“el%% (i }P?apf'ﬁfg‘ IevaLaf the divig on, ot Pinging
more su sequen OF exan &, it the plasma level 18 measured SHa
frovfidtcdiay, lﬂ&MéduD%g pf@atfsgqaémfrﬂ:@asar@m@ms Ichg, bedmede qihe@ﬁtym
about %G%ﬁ&@ﬁ%&ﬂs@@% Br 1Y 4BnQf m&%&&%&&g&%@g RAE invention
embodiment detelmlnlng the plasma level involves measuring a 12 hour
or 24 hour AUC. In one embodiment, the cortisol plasma level on Day 1
and on at least one subsequent day selected from Day 7, Day 14 and Day
28 differs by less than about 50%, preferably by less than about 25%, and
sometimes by less than 15%. It will be appreciated that, guided by this
disclosure, a constant exposure of a particular subject to 1-acetyl1-4-
[4-[[2-(2,4-dichlorophenyl)-2-[(1H-imidazol-1-y1)-methy11-1,3-
dioxolan-4-yl] methoxy] phenyl] piperazine can also be deduced from
adminictratinn of doncac chown in nhannacolkinatiec ctiidiac tn reactily 1N




[0086]As is apparent from the Figures and the Examples provided herein

the 2S,4R enantiomer of ketoconazole does not alter the

phannacolcinetics of the 25,4R enantionter and, by extension, the 2S,4R

SLFHEHEPE ketoconazole will not alter the pharmacoldnetiBE Hig6100626

drugs that are metabolized and excreted by the same pathways that are
suitaltiti Zetopyl thienRSRoendmtiorment Tths 2théfketennimotntionrorides fenge
fronfaEHNOR OLEq: AN O UaR mgaé&e&gng%%bﬁs;@m@ﬁ% be an

with racemic ketoconazole without the risks of aberrant phannacolcinetics

amnogrt KA EB RIS HEgeb I AReThiIORE18CBh &2 oR stdRdEReYb thedose of
the Rfnupisiration.af{peemisskRiPeonazole-f00 84 ihe hasReseulicall and 5.0 mi,

compositions of the invention can be co-administered or otherwise used
In %ﬁ@%ﬁiﬁ%?%ﬁe%ﬁgeg%g@%#gﬁ%%e%}ﬁ%f’%gag Im}!%t’t%ﬁgg}ﬁ?gﬂq ¥ vegtion,
phamq@pr@&mnmpa‘mmjﬁﬁmﬁmmm&mm.m.isfndndecsganqlrfsehdithmsus
adrefigSeHRGANerein as ; &%@}&%&%E@S&?ﬁ}%‘éﬁﬁé&%@&f% E’s,ﬁf?ﬁ?{ g)%ger

1
with the methods of the invention. Typli e combination of the drug

can pregadermpaetRé oo eitheng vensises A arsatophherecsrddivee 1

ml/NAREHNEEHUSAONE:R60S henRaRRSdRkelReanaz ol eRARIeR SloMHSunt
[ bination with racemié;%ketogegnaz%%,gpr the combination is safer or

ingc
of U e R TR R O BRI SR S IHEERAVE Bbperties of
admihstireivad o abid nfistSeehOddierdiungis) mdyine/adnnisisiesgbebyfa route

d I mount com ly.used contemporaneously WO
sub %8%% 8%%?%%%%’%5 ?6%}856%%8% or sequentially with a pharmaceutical
[0049d mpaithsricdfabinve Sia RiReTgesr b kempegitionief Subistermiany /fibayofcally
be a8 Refd RRANNHAPRAIIADERR PRRAMIAGSIHICALA P ARk O bINRASWABs to

ketoc%nazole enantiomer substantlall¥ free of the 2R,4S enantiomer is

one, SEEH Ho PSP PAPLEL S P wiH B of ot Otilet WHEE) alB SRibRmRement, the
pharpradutitdaniarisigeiscll tihevantigis):andxihtgsBted Rokeio aen@zaleof a chronic

. _enantiorner can be utilized if the two active drugs can be coformulated

dise B o e PR AL
monife| e esother apiesrdimontichethd Hh arrmdicnsida hdompbeitibfreusehuyiarthefive

yearfBINAGMAT dRBIMYRRLION 29 ANE-ShMANIE RIREL JEugs-ATR AdMiRistered,

on different overlappingg]sé(t:hedules. It is contemplated that, wheén used in
years. Jm BRHIES S UN0T Btrdy DeiretRgPRmEsine i e PRmieied gntihhere is remission
fromchmiesitions fusdfelif tTehmnpitiogas of the present invention or the other

ctivejagredient or.both may be used effectively in lower doses than .
0 B e o S b S o egion
depegdeful hettiscae tronn dititrephosentidybatatem tudei thosethiatredemaifithe
pharPRSAHRPLEhGH AL e dngrRsients, naddlion n e 2m4Ryditions, and the

... ketoconazole enantiomer. [0088]Examples of other drugs that may be

individpal mtishl d SFREBIREMBSIFFHAEHE: pharmaceutical composition of the
present invention, either separately or, in some instances, the same
pharmaceutical composition, include, but are not limited to: [0089](a)
dipeptidyl peptidase IV (DPP-IV) inhibitors; (b) insulin sensitizers including
(i) PPARy agonists such as the glitazones (e.g. pioglitazone, rosiglitazone,
and the like) and other PPAR ligands, including PPARody dual agonists,
such as KRP-297, and PPARa. agonists such as gemfibrozil, clofibrate,
fenofibrate and bezafibrate, and (ii) biguanides, such as metfonnin and
phenfonnin; (c) insulin, insulin analogs, or insulin mimetics; [0090](d)
sulfonylureas and other insulin secretagogues such as tolbutarnide,
glipizide, glyhtuide, meglitinide, and related materials; (e) a-glucosidase
inhibitors (such as acarbose); (f) glucagon receptor antagonists such as
those disclosed in PCT patent application publication Nos. WO 98/04528,
WO 99/01423, WO 00/39088, and WO 00/69810, each of which is
incorporated herein by reference; (g) GLP-1, GLP-1 analogs and
mimetics, and GLP-1 receptor agonists such as those disclosed in PCT
patent application publication Nos. WO 00/42026 and WO 00/59887, each
of which is incorporated herein by reference; (h) GIP, GIP analogs and
mimetics, including but not limited to those disclosed in PCT patent
application publication No. WO 00/58360, incorporated herein by

roafarence and CIP recantnr anonnicte: (1Y PACAP PACAP analnne and




WO 2006/072881PCT/1B2006/000026 formulated or co-administered with
one or more other active compounds. Non-limiting examples include
combinations of the 2S,4R ketoconazole enantiomer with two or more
ARG EBHRFSunds selected from biguanides, sulfonylureas, PAVIGEEEHI00026
reductase inhibitors, PPAR agonists, PTP-1B inhibitors, DPP-[V inhibitors,
and anti-obesity compounds. [0093]Thus, in one embodiment, the present
IL inventidatiprdyideStastrahberareanditgrditondivsh SelBbisadrenittle
group@&%&gmg)f@mpgﬁgg{pemia, (2) low glucose tolerance, (3)
insulin resistance, (4) obesity, (5) lipid disorders, (6) dyslipidemia, (7)
hyperlipidemia, (8) hypertriglyceridemia, (9) hypercholesterolemia, (10)
InhideverEdptdenelssiiyshigh LDL levels, (12) atherosclerosis and its
quelae, vascular re OSIS 14 artcreatiti
wﬂ@%esﬁ?‘ f’%’ Hedroc Ie%%%era |saegasge|%')€f%l ?Ie%tlntc?)% gl'tlﬁl)e ??L%?mfe per weight
unit pgioheprtitivg mmm@gmgmwz@pmmbmeymmumm@w@m is
either WRQDSiARG HISRIAREL YR IRHASYIRAERISIAN B8 1% SRBRANEH, Iheor 48

mammalian gatlent in need of such treatment, said method comglsm

enang RSt ARG e b AIATE eRERAISd i et ShibRiHiewplgs below, and
as dibhadnfiace bﬁ&@{@mma@mpﬂwﬂ&%ﬁam lgoeBARNGMeT dependent

substantlall fre n#g““% enan melihand(%r% oun J "
incrg %%eﬁ%’gu c% O LISy s g BSheRt from the
offezg@u}ﬁcmns&mwmin (@B PvRY imdtlide mv@bmmﬁdwmmmmc
Leetol AL NS Q1AL BEANSIRUAAQL L FRAR AGARIRIS A0 () RigrUadRy lé%m or

insulin and insulin analogs mimetics; (d) sulfonylureas and other insulin

ab@f&%‘é%‘@ﬁ’g@@%ﬁé’@ﬁfé@ﬁ%@@%ﬁ %ﬁ@%}%ﬂ?&ﬁ%éﬁ’%@ﬁ@?be obtained
by 1AMAIERITIS(9):@iP 1dvdalor abtamalogs and mimetics, and GLP-1 receptor
onists; (h). GIP, GIPa sand |met| s and GIP rec r agonist
100 D A A S REHI S AT e TR PR LA SAL At oane o Free
fattyagﬁhiﬁt@:n(@dqummml %hwermgi&génf@sﬁmgtsddﬁem ithengugBgonistic manner

to inS Eit {Mg’n%] I aCI(C:}:Lé &%@f%’?g gl §e%?§&5ﬂ{§%?$ﬁc psulin

. nlcotln cot there ‘PPARa agonists
resisfapgeR &fyraﬁralaémﬁ@rwﬂy A nﬁtﬁk@@ﬂ%@%?ﬁﬂ%% HSH M}ea}@gﬂr

suchcﬁ%iﬁﬁﬁiﬁsdﬁfﬁhaﬁy s ansierasebehilitatscand Wi ARtheridantsid kinount of
PARS agonists; (1 angi obesit com ounds %{ng}@gélleal ile acid

the rﬁi&llgﬂlg&greﬂﬂ;{mﬁ%i; %?ﬁ%? YaEidgese actions result in
@hﬁ@ncbn@@n@@(ﬂ)epmmm@msmf@bhowmm&mﬂm&) Hepatic
msuiﬂlh%bs'}&a% [0994310,209h %?%B‘?‘é‘@“?&%ﬁ@ ESE L ARy @%%%Jor

method o treatlng a COﬂ on se e group consisting of

contihpdneHatester die miﬁahmﬁ?erwéeremie H@Wmﬁjmlémg Zrligfyateplandviapatients
withMRRHHEeMias P eEHEMCRHE e Mizd PRe dysliRiRaiRed8-adRAMP Al 2

atient in need of such treatment, said method comprising administering

ereaigy PR L IR ABRERERY SifBElRaLINORRTE TS BhinraRatiidugh evels of
corticolifiiphi mzebﬁmﬁ&n&kmme&mMmen puhstaatiydiesiof of the

._the 2R 4S. nantl m Igan ngegr%%ﬁ
R LSO o of cordsol and

cortiepnb odiprerfic theWMGIGon rddudiaseciniibilOrdB. hettatimzAriorrantiomer is a

com?&‘%%qﬁ& pﬁ.ﬁkﬁ%&%ﬂ&ng 1R t‘?afﬂg&?o%a%%%ﬁ%“%é“”gyoaﬁﬁ %%?HE‘

simvastatin, pravastatin, f uvasta torvastatin, ltavastatin,”ZD-4
therapsiigastatin ablaastivastdtivy [00850n eiibthidBediid dinneptnthe present

[oosif]ventan pravidesameihed.aldadusing e fiakahdsxeiRring Acandifion

selected from the group consisting of hypercholésterolémia,

ketooppRARle clerRiEot SRHHPSE IRNBIS HBHRDTnbven; sRseHipragknrtion,

preveyRerfdglyeerigemiscotdystipidemia ane ke seeiiahae: ehSaiBases and
conditions is disclosed comprising administering to a mammalian patient
in need of such treatment a therapeutically effective amount of a
pharmaceutical composition of the 2%,4R ketoconazole enantiomer
substantially free of the 2R,4S enantiomer and an HMG-CoA reductase
inhibitor. In another embodiment, the method for delaying the onset or
reducing the risk of developing atherosclerosis in a human patient in need

of such treatment further comprises the administration of a cholesterol
ahecorntinn inhibitar in combinatinn with a ctatin HMGCG-Co A rediictace



[0098]The effect of ketoconazole and the ketoconazole enantiomers on

corticosterone levels in the plasma of Sprague Dawley rats was

determined. For the experiment described in Fig. 1, the four enantiorners

HPHE TSR Mic ketoconazole were suspended in olive oil. TRE GARtac0026

the results shown in Fig. 1, five groups (eight per group) of rats were
condiSenk Jmeatdtssiimrpan &intativetizod/ar b41aC-boicotightidank cyelevanihn patient,
partiBHGd g&?sﬁf%ﬁ%?l%%&%ﬁiﬁ@ﬂt%%eﬁ@&lﬂn@ﬁ%@ﬁlgQﬁﬁﬁ]nggtp%%gafa

/kg bo t osed

drug/ Fni%/%quelg via a gastric tube. The rats in group 1 were _
thergpRRtiFRIY ERiRIE (R IO BINO LI B HE IS SR S PRALFSIR G S e weteccutically
accefRseslwith e, ot thefour-kpincanay ole-pnantienasasindicated- Al of
the rats weye dosed E)g%w,ee 2.0Q and 3.00 1gm and were sacrificed four
ena%mgf?afsﬁas@ﬂ%%% : 7 gf'ﬁ??lﬁ% AW prepared and the
[0056p nce Awetioh whivirticostenoiierdateriine dibytan ehiymedinkechiminomo
. . ts g [ \Y ocorticoid is. . .. .
o B B A e e Seigo
insulipyesistrtasghiorsetmesiosrisseemnd pluvtsshewenihorhgitiensmieonspiite to
treatiBal IRGOMPETRRRIONRL Y RRIGIG-C00H Al AR NI 3NE, SNARLATEI SF the
) é2_848 a\gg 2R4R%?, when given to rats at 200mg/kg, have little effect on the
nVeRRos P18 YEP gt sHie&®erone. In contrast, both cis enantiomers reduce
corticosterone, with the 2S,4R being significantly more efficacious than
. 2R.4 For the experimen marized in,Fig, 2, there was one
sz’féﬁc%%f%%%g‘lq‘?o”‘gFS’%’ c%n gg?%%egr%, fgSS‘?gl}}ger’k 8?%8?%§s/group treated
{003%}ith tHeizlrsesfie datesbbyfketade fwtolend theot teniye @SR addy
emv@caﬂ&;)eg%ﬁaamggla&asef(ﬁ ecopRAlS ol b lalsstenaiiaingd.and

dosed as described above. Plasma was prepared and the concentration of
generfly d6qaRinFRe frime i dlbrlesrdmriniab HesEn g hich Rafigatt o dprsiitinor no
insufrigtie demonstwdieihaltherrgsadosedenendentehiegionf hethype 2 diabetes,
ole and the antéoemers anc rticostergne levels and.thaﬁt tl]e
m levels

n W%leg ’(ﬁ(%)t?&l SrRIO GO mstﬁlql VFH 54 i Crinsu ftﬁgﬁi rﬁ;?énsu

e_na liomer Is &gnﬁﬁ:anty maore e aclou
that ok Aiaxible acemateyaind ihecothreisors enantionlieb(RRUSIc) 1 GBI Fatt the

samémﬁnemg{mmnpg@gﬁqmméay%@q@e@ﬁf&g\éggaﬁm B3 Wime

ten rats/group that were treated with the vehicle (olive oil) ahd eighteen

deerf; 56 B 1I6C R G B i RREEr At AR P BISLBn Z6Te Liabricsfisevigntly
treatéd vt R aodAbud Hisaim enantiemeds nf ikpiaganazole. The rats were

aintained as described above, the drugs were suspended in WO N
v A R R A s
that thia offestrid tobditobashivvetiagigisecst 200 lipil keptAlb fithe tatsisiarmddised
seasi@ SREEUG e, SmiRAL A e IASHRRSARRHLC BEMESNE AL, are

le, th ose an&rt}0

For example, the rats treated for 24 hours were etween

insuli Aol aph ) iorter barsifiebetanbarrctaraterbindinde vels oo wpresdiedet

their bettReRGstRce; senhaRdendayaisRetlice. Follauingsactlicenk'3sMape 2
was prepared, an cl?ncentr tion_of corticosterone in the_ plasma was

. the

i R L A i SR B RU AESIRPHES, naPeNeeRE BB TEReme
the pwg%g@ i.@jst.é.mnha'emnﬁ; eesalimigs hopeaglydeigia kiemonstatetoat dh@ctes
may #SotfEyS ARG SHCAYRR Doh it dioud? SARNLOTEC B

., lowering corticosterone and that this increased e Icacy persistsfor at™ ’
Plasng dpouincnrey thhsrapa cpopthardssnimohssicrmeniate be (dessatime 2

diabdNeCheRentioDebeaiTia yoshersylis shovmdpthe iable ReIOW: o systemic
1 _%gnonsgrate ?ﬁ?t}é’t e 2S,4R is significantly mare efficacious than %ne ]
P-oygra Rt AT FE T oI fvdEopRE teisalntnbin heatlermubists
and pafithes raitediatetis intdlimedidtehbaiiveantiarin aranssmearso&ifeorof s01-4;
racemic ketoconazole and the 2S,4R, and 2R,4S enantioniers on
cholesterol levels in rats at the indicated time after oral dosing with 200mg

of the indicated drug (or vehicle) Time (hours) Cholesterol Levels (mean 1
SEM; medL) Vehicle 2S,4R (010-902) 2R,4S Racemate 4 77.3 1 19



69.6 1.985.11781.23.9873.5 .573.5 3.185.115.473.5 2.31269.6
3.577.313.977.311.969.61.2.31669.6+1.961.9 3.177.314.669.61
3.12069.611.95811.2

WO 2006/072881 PCT/IB2606/000026
and Richardson and Tayek, "T'ype 2 diabetic patients may have a mild form of an injury
response: a clinical research center study." Am J Physiol Endocrinol Metab 2002; 282(6):
E1286-90; Chiodini ef af. "Association of subclinical hypercortisolism with type 2 diabetes
mellitus: a case-control study in hospitalized patients.” Fur J Endocrinol 2005; 153(6): 837-
844; Liu et al. "Elevated late-night salivary cortisol levels in elderly male type 2 diabetic
veterans." Clin Endocrinol (Oxf) 2005; 63(6): 642-9; and Catargi et al. "Occult Cushing's
syndrome in type-2 diabetes.” J C’fin Endocrinol Metab 2003; 88(12): 5808-13,each of which
is incorporated herein by reference). Excess cortisol is now known (see U.S. Patent No.
5,849,740, mcorporated herein by reference) to induce insulin resistance and two prime
characteristics of type 2 diabetes: reduced peripheral glucose uptake and increased hepatic
glucose output. See also Rizza ef al., "Cortisol-induced insulin resistance in man: impaired
suppression of glucose production and stimulation of glucose utilization due to a postreceptor
defect of insulin action.” J Clin Endocrinol Metab 1982; 54(1): 131-8; Holmang and
Bjorntorp, "The effects of cortisol on insulin sensitivity in muscle." Acta Physiol Scand 1992;
144(4): 425-31; Lecavalier et al., "Glucagon-cortisol interactions on glucose turnover and
lactate gluconeogenesis in normal humans." Am J Physiol 1990; 258(4 Pt 1): B569-75; and
Khani and-Tayek, "Cortisol increases gluconeogenesis in humans: its role in the metabolic
syndrome." Clin Sci (Lond) 2001; 101{6): 739-47; each of which is incorporated herein by
reference,

[6055] Persistent or uncontrolled hyperglycemia that occurs in diabetes is associated with
increased morbidity and premature mortality. Abnormal glucose homeostasis is also
agsociated both direcily and indirectly with obesity, hypertension, and alterations in lipid,
lipoprotein, and apolipoprotein metabolism. Patients with type 2 diabetes are at increased risk
of cardiovascular complications, ¢.g., atherosclerosis, coronary heart disease, stroke,
peripheral vascular disease, hypertension, nephropathy, neuropathy and retinopathy.
Therefore, therapeutic control of glucose homeostasis, lipid metabolism, obesity, and
hypertension are critically important in the clinical management and treatment of diabetes
mellitus. The present invention provides methods for such therapeutic control by the
administration of therapeutically effective amounts of the 28,4R enantiomer of ketoconazele
substantially or entirely free of the 2R,4S8 enantiomer.

(0056} Many patients who have insulin resistance but have not (yet) developed type 2
diabetes are also at a risk of developing a constellation of signs or symptoms previously
referred to as the “Insulin Resistance Syndrome, Dysmetabolic Syndrome or Syndrome X",

now more widely known as the "Metabolic Syndrome". Metabolic Syndrome is characterized

18



69.6 +2.7 65.7 2.72465.712.761.93.169.611.565.7 LE 3.9
EXAMPLE 2. Measurement of drug exposure following dosing with
racemic ketoconazole and the cis enantiomers of ketoconazole [0101]lhi
e 2RaMTp¥81 dogs were treated with ketoconazole or with tHE2854Re6/000626
enantiomer only, and the plasma levels of the corresponding drug were
by tetdmTEsetknd QIO GI0VARBIRGTARION H/000DRMIRAaMAphKikedcs Okure,
lowAESIHEKRIGRONRASlS. IOR0ELINO AraHRR ALINGS Tale NG INPEIFMNA S ucose
dogs per group were studied. Each dog was dose v@ﬁﬁlracemlc

levelsidésprpeienianaliribes onsehtariéavelomesenidikbessonelliolie maRbincreased

ﬁslpéﬁmt f 1@5%%@%%%@@6@@%@&&%&5@& Q%Q.fﬁ%&ﬁd 3l %ch»@gﬁgﬁﬁ%%bﬁc
ajtier rqur weeks or dal osing, € WO groups dirrerea In tnat, In one
Sy‘ij%aﬂpfi e 6@%@%@%@%?&@%%%@%%%fawﬁlwﬁédwwaéarin a
catgelitin GapBslecandGalthie ether, dhe'hgemigikataconazolecwaspravided

ion in olive.0il. 10103]1The dogs,were.pu > bred beagle
b A L N e O A RS PhfReel

"Elgyaiad vhanaotsyivel ecnsnbasienshslohdtartd st 6f wolsiigniitesdogsin
resMBRBNGHIRELIY SUSHENERA.SIAINI0SE S 1RBRCATES. AH LRNIILORING of 47,

. prpvided a minimum of 10 air changes/hour. The temperature and relative
CotiRridRy BREER iR T Ie DY EGHR Esktitigr adiE AREPIULBIEIRIAN03; S8(4):
500rsspadtivelyhivilith iadapoexee ptieohshyheBreaaaual over-ride was used for

o s o SR S sl i
exepaffelgictlons 12 hosasdilmtidtekitdo)ywesavhipbibeaghlibitemadg ide piasma
levaliordsiest g, libitumiaan @Pé&ﬂ%ﬁgyﬁ&’é@é%i DO SHRlemALes (%%\(ﬁld 55:

test [ab, the dogs were acclimated for 19 days and then randomized,
megiindss, théiﬂﬁrg&ﬂﬁ]@ﬁ%?dﬁﬁ%%"r § belesiUR Fredl orERig Piocad(neby
injedBsigrddstoineitieyedodylweight balanceihfter alesatianiithe mean.hody
ins ﬁ/ﬁgi Q{geweg?oczsaﬁ@g%guaggq inglgﬁfted to Fnsure there were no

URaceaptane diftararRouehdf raam G o s REsSAm, dRstre HINa aually
danggeeitifie dbpylendans Wi electomicimpliintniD204 i thel fiest b inpuline

resiSI9QS Wl f1le58dydaily, Dy oral delivery of a gelatin capsule (size 13,
Torpac, New Jersey, USA). The capsule contained sufficient racernic

1003810 coR i Ride pravia s sE Brdockins afulikg s Suyhreiyntad ocrerse
insutapsuléswarearengiadoneaiindor eashapinaldaased e Rdividwa) body
biguvg%‘gehstsé Th CQ{%%%'%S %rlwd ggfe bulk drug were stored_at room temperature
I sealedeontanera "For e SeUEh d G U cthe g A iRstapaties and diarhes,
[00%0ntairldd Budficlahtedicesiorlghioromazdte Sbspeyitediiditive gildones) are a
newFQUALE-2 doso i dima.Srugtyg Aodyweiahyd %%J%%%ﬁgﬁrt?ﬁ I%o}[vz?{}ﬂe?}eioratmg

observed approximately Ito 2 hours after dosing, roughou
hypespbeamismn sapRies of iaéinbsiorn Freparginivanertake mdndim the

sendiiigitiptnvgindiomneachoidhp anisalseshefishaan ok G&%ﬁté‘g%%géﬂﬁ of
, an

tw 4%ft r 28 dail doseslgh%t 0 @re-dose) 1, 2,4, 8 )
e B T AL o i Aol e R el e e
glitroues thastrd osingiynrtias: prelicusedaiytsRIBEM assatiples welitetiRiedtivated
rece @;?pﬁtg ? o[ %,ﬁﬁgtlgrade until analysi fé[]hﬁe lasma samples wer
_ gnal zed ]% rac_%_%lp Kétodofazole ago é%%ﬁs % ‘é?@\?? %ﬁegg‘%%sé%?cfor the
inp BERlD kengttigatiemndhat ds observed with the glitazones. Newer PPAR agonists that
are being developed for treatment of type 2 diabetes and/or dyslipidemia are agonists of one
or more of the PPAR o, y and 8§ subtypes. One disadvantage of all known glitazones is their

weight-increasing effect, mediated via an increase in adipose tissue mass. Another
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WO 2006/072881PCT/1B2006/000026 [0105]As shown in Fig. 4, the

pharrnacokinetic profile (concentration as a function of time) of racemic

ketoconazole in the plasma of the dogs dosed only once (and the plasma

WELHPEHBYEr the first 24 hours after dosing) was significantlEirrrienews2s

_as compared to the pharmacolcinefic profile of racernic ketoconazole in
disgdeapfastria biiigjszdoselt taliyefor2eotbybviithduthecptasnh aidssiiyae: tibire,
memg%@gﬁﬁqg@ﬁﬁgg last of the 28 doses). This effect was obtained in
both groups (racemic ketoconazole administered as a dry powder and

10888 o i e CERADD BRI SRS SRP e Sl siseRaiidhesina by ardesmdidions,

suchinslédretheriGiurventios ivasithlematBrHs ingIha e as HaRazQidaltlgs:

g dpgm eUﬁlderthrrq ned 1ter ae%!tg e dos as significantly reduced in
comparlso Ut gaterriined a?Fer %e&gﬁ FRLLYS UL ERyidsy @ method

of treghing @Fﬁb%e@ﬂdl\iés sédndindbditiogroiyfeaghinicketot onadalesistance in a
aAUBINSIGIRG. a5 AudaoPaudelARMIPCRIIE KEIRCRNAE0IE BIMINISIBLEA S, coig

a suspension in olive oil). Pharmacolcinetics 0 nantiomer
P%%@éj%&f?@ﬂﬂ@ﬁ@l wﬁfm‘fﬁé@qéﬁﬁa@@h@wm supesiiios dosddingthe
28, ie2SiBnananipuai-ob kelosonazalerandhe sanseniation.of e,.
emb llrlllglo]{nt rin t e Iasgn of the‘t dogs was determined on the first day of

dosing and Aga afterf J’P\%%I@p fzd\%ﬁ?ea%g‘s NG b etrepusically
effepuppmbnedﬂaeaglb-hiﬁbﬁ}@htmmﬁﬁﬁmﬁsﬁéﬁfﬁmﬁ@%ﬁe%&ﬁaﬁw@m:omer

hs old and weighed between 6.7 and 8.85 kg
b

Su %E%rgr?va att ﬂ%esﬂ %elijﬁley?x\?veerr}’é"’ a?p%?%‘i? %FW@%C%“@%}%@% age
amediogating e sTmBEimG. of Hiskibeps nesicumlsegdn éishegie;, ext hiShigi FOaIt, of 2

ther@leSRBAIRRRA IR RIQYISE & mlmrﬁtfgggée@?a& eﬁ%&“ %S AR

temperature and relative humidity r were egree

ketoenrgla gRrRRerso sy bt atd i dspedibe BR, ﬂ\ﬁtmazmmeme ptiegidantdeiiy basis

can ﬁmyual Oveedide:Wasusad op siugudglated activities, fluorescent lighting
[ﬂﬂé/yf troI ed.autom tlcal%to give a cycle of 12 hours light (0700-1900)

ou rscénagﬁn 18 SR AR R RS RHEMABS oS R
conqsafretisie, 25 miRranceatini alsfoditesa maiex ﬁmmﬁma SOIPMR aa&kﬁ%m

trealVRIR ¢ tleast45m2 108 Eac al was
- offered 0 e%%églﬁlgggéﬁ%%%ﬁtg%gcﬁalﬁte ane |e% ﬁ-Far H JBS’Stame

w}laﬁéd@zwmhﬂb@sﬁapwgtmm@dmmmmm X,
1nolﬁmg>ﬁﬁcﬁﬂﬂﬂ%§9r@ﬁﬁﬁ1mmﬂtﬁﬁ%s%' @&Mﬂ%é@%&%@@%&ﬂgﬁg 188 Zic

rctme I%\enantlom r. Water was provided ad libitum via an automatic’ watering
O BRI ISR P B Fuheseaiy B sidiny ssaelirisnsss by use of

[0068fean VFowssHekesishalings(Diateshnd bisodianchantereEH0\ARE) Afles.
aivalaiihe te ere.acclimated far 7 weeks and then

aSSOrandomlze asﬁrlléé?eg GI% t%g{agttgrealt?ﬁﬂe t §F uﬁ%wmé&n&?@@r%ﬁﬂé'&fwml (also

knovwag sheomird st inmatiskiptinGsraabiatidtaand thesitydstcieetnthodyited

withWRightdaisleAfies, alpcationihem Y WaIENLS
006/07 881PCT/ 2006/000026 ﬁg%ula%d and %S&%‘tﬁ‘é}% Gctors.

R (YA dinesaras strentieb ieadnresamimeliyated
vmxv@mi.mdmmndmndmm@amsraﬁmels&&mﬁmml%@tad%@&ﬁ@éﬁ%m

h | were daily by oral delivery of a gelatin
of m@?ﬁﬁﬁ&%s% l(iag c?rg)ac ggf} oaf;ﬁ@ aﬁ?@ﬂ?@@&ﬁﬁ&#ﬁé@ﬁaﬁy free
of thegf ﬁmwremamﬁmanh@ paambatmﬂmmf 0B S LK BRRANn a1
obesifV§ ightfdRy,LLhhe %Hlﬁé Wgﬁ%p mi) %reg grﬁ_l fordeﬂi nlmal based l?Or;‘

individual body weights. The capsules an

such ag g Bm@%@eammm@mmammaﬁmmmm@w in

accord pRfOXMBtRIY kiR ds out the e eriment.
Blood samples (1 ml :a’rﬁgﬁ ﬁtﬁ%ﬁ%&%ﬁ%ﬁ?%%%ﬁi%% th The" Jlﬁpgutfgg in
from each of the animals on the first day of dosing and again at week 4
(after 28 daily doses) at O (pre-dose) 1, 2, 4, 8, and 24 hours after dosing.
At week 4, the pre-dose sample wa8kimed to be 24 hours post-dosing on
the previous day. Plasma samples were stored frozen at -70 degrees
Centigrade until analysis. The plasma samples were analyzed for the
2S,4R enantiomer as described below using racemic ketoconazole as a
standard. 101101As shown in Fig. 6, the pharmacokinetic profile

(concentratinn ac a fiinectinn of tfime) of the 2< AR anantinmer in the




the dogs treated with racemic ketoconazole, the 2S,4R enantiomer, or the
vehicle control was prepared by standard methods and frozen at -70
degrees Centigrade until assayed. To assay the concentration of racemic
REIGEBHEZ8%e (or the 2S,4R enantiomer), the plasma sample&GRERa006/008026,
thawed and briefly vortexed, and 100 microliter aliquots taken. An internal

onsstasfdbedi(e)etrisaadnier 2k @mﬁmﬁtses 2h00 frigagraine/ mbibRigmardie) s, 4R

was added to the samp es an |xe The amples w bj ecte
o R O R ALY S T A ST SHpgipehos ot
GO@@H@mMrmntenmal Park Elstree, Hertsfordshire WD6 3SZ

lan
N S AR i

obeeibhtigRadbdaithe s H@.@%%ﬁ%ﬁ%%ﬁ%@%ﬁ%%ﬁﬂ@mﬁag@lm%m which
meﬁi&d'yﬁiﬁﬁ%d%@ﬁﬁi@fﬁ@ﬁﬂﬁ@ﬂ@ﬁ%ﬁha&ﬁé@é@@i@kﬁﬂ?Teﬂ@lﬁ@@%oum of the

C trati f | ket e 2S,4R
ARSI SORAIAD A LAY A DLt e ifad
anaiﬂsmgﬂéaétmqﬂafmpmgwﬂs&m&%@rem@ma&@h@ﬁ@ﬁmmmmhc@ux) as

SyREIBIING R IMRIQUE ?é%&%%ééd%%lﬁ)ﬂ%l%a%%ﬂ%&ﬂ' %&BInses administering
quantification (LLOQ) for ketoconazole in do% plasma was 0

to s#itpotipahiHHRmMRERSHItY thieaivs monisnse @tﬁﬁ&%maﬁﬁwﬁ fieEaining
the DRetRaeHicionts Rf seteuninationddneredatine hanosRauake.

0.99226. EXAMPLE 3. Formulation and Clinical Trial of the 25,4R

Enantiomer Substantially Free of the 2R,4S Enarttiomer of Ketoconazole
Arﬁwcﬁyﬁwﬁi@i@@&féﬁa&rﬁbﬁfﬂ@i@m&d@l13]The following abbreviations are

din thi le. Term/A beV| nEx nation LTa [
o B A L e s R AT e SR et ame
thl@iwm o€l HRihy Bivwidse aniakhsRUNbBIocibnrediritegent Clkooafitienbefeficial
ssay FDAFood and rug

in tyé%.'ﬁﬁg%q &h{%ﬁﬁ{g?@sﬂ grééﬂ!ﬁ%ﬂ %H %%%?é%g qE %ecau %)rgrten (P

Administration Gl rointestin oratory‘Practice
dyslipidemia contribute to the development of atherosclerosis, administration of a

therapeutically effective amount of a 14a-lanosterol demethylase inhibitor and an 11p-
hydroxylase inhibitor such as the 28,4R ketoconazole enantiomer substantially free of the
2R, 48 enantiomer can be beneficial in treating, controlling, delaying the onset of, or
preventing hypertension, dystipidemia, and atherosclerosis. In one embodiment, the invention
provides a method of treating atherosclerosis in a manmalian patient in need of such
treatment, said method comprising administering to said patient a therapeutically effective
amount of a pharmaceutical composition containing the 25,4R ketoconazole enantiomer
substantially free of the 2R,4S enantiomer.

[0065] In another embodiment, the present invention provides a method of treating 2 lipid
disorder selected from the group consisting of dyslipidemia, hyperlipidemia,
hypertriglyceridemia, hypercholesterolemia, low HDL, and high LDL, in a mammalian
patient in need of such treatment, such method comprising administering to said patient a
therapeutically effective amount of a pharmaceutical composition containing the 28,4R.

ketoconazole enantiomer substantially free of the 2R,4S enantiomer.
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INDInvestigational New Drug (application) rvintravenous MedDRAMedical

Dictionary for Regulatoty Activities NDANew Drug Application

NOAELno-observed-adverse-effect level PBSphosphate-buffered saline

BEBHKN TRV eekly RP-HPLCreverse-phase high-performarReTli@iaags/ 000026

chromatography SBASummary Basis of Approval SCsubcutaneous,
Strglabcutaneously WO 2006/072881PCT/1B2006/000026 SDstandard

latiqn, 9RS-P sodium ecyk sulfate-palyacrylanaide gel

o S B vt anc
inhgltittomn afblpdphlyoiB R nitedt S tatb s Phatimado pociaWRGHHitE dicodieabficial

in RSO Slustiaties lonlatpd ehie 2% 4R BRARIAMEL Ohue to
ketoconazole substantially free of the 2R,4S enantlomey reinafter .

‘thec,s&rf@a'fb%lmaifst:ﬂ@%@ﬂb@@%ﬁ%@&%ﬁﬁ%@@@mw@mﬁﬁmﬁmmal_rfe_ctzve

amEMASUPRRIT LS 1A IRg-AS R RYEsgalianal NG AHI RBURRBIINGE 4
trials for the treatment of the hyperglycemia associated with type 2

the i3 g8 KeAsenierls RIPRERTshE hydrerPAraciARetD SPartipwer st by
bengfiergncecfeggndanubeiafitssoidhis erugieaindidait.ars xpegiesitent, the

.__includ duced total LDL cholesteral, ced blood pressure and
o B e Lo RE LD SRE R it o B such

treaspantioaérse2®UR@ndsAR, & yisisioragpooaatipdiisgt (NIERRALQ) forftarive
e e b N e o
inhibits cortisol synthesis, this drug is used as a hon-approved therapy for
substantiaty HRh Etsnie’S SYAMBME. In these patients racemic ketoconazole
reduces glucose, cholesterol, and blood pressure. As cortisol may be a
ontribut'ng causal factor in the development of type 2 diabetes, cIi_nicaI
A’Z@‘fé’i’s? Wit TaC&mic ketoconazole have been carried out in these patients.

[00%Te redultibitibthelSbiclinieatdridldepumiparkireating:typach ciabhetesdiough
ic ketaconazole has, however, been

lgsine Sipcas catsa Mocoic ieseoneale b TN e
in treetinpersafdicmdrindieatidiciaus thanttdesadeiiasntistiressociated with the
development of Alzheimer’s disease and a reduction in cholesterol through the use of stating
may reduce the severity of Alzheimer’s disease, administration of a therapeutically effective
amount of a 14a-lanosterol demethylase inhibitor and an 11B-hydroxylase inhibitor such as
the 25,4R ketoconazole enantiomer substantially free of the 2R, 48 enantiomer can be
beneficial in treating, or reducing the severity of Alzheimer’s disease. In one embodiment,
the invention provides 2 method of treating Alzbeimer’s disease in 2 mammalian patient in
need of such treatment, said method comprising administering to said patient a
therapeutically effective amount of a pharmaceutical composition containing the 28,4R

ketoconazole enantiomer substantially free of the 2R 48 enantiomer.

Cognitive Impairment, Dementia, and Depression
[0068] Excessive levels of cortisol in the brain can also result in neuronal loss or
dysfunction through the potentiation of neurotoxins. Cognitive impairment has been

associated with aging and excess levels of coriisol in the brain (see Seckl Walker,
"Minireview: 11B-hydroxysteroid dehydrogenase type 1- a tissue-specific amplifier of
glucocorticoid action." Endocrinology 2001; 142(4): 1371-6, incorporated herein by

22



[0115]D10-902 is the 2S,4R enantiomer of ketoconazole (25,4R

cis-1l-acetyl-444-[[2-

(2,4-dichloropheny1)-2-(1H-imidazol-1-yImethyl)-1,3-dioxolan-4-yljmethox

Vit HYE38Rerazine). Ketoconazole, an approved drug, is aXab@Raiee/000026

mixture of both the 2S,4R enantiomer and the 2R,4S enantiomer.
refdpeh0ed02dnaisibeaivpafifie difeofveemaot nfigrm ifivrgdang s targélytor such as the

reater than,99%) free of 2R 4S enanti . JLis anticipated that the
2 R SRADSEEISGICE ST L0150 AT BedT FOuDA R PRl
redefisontisobsynthesisnivith sepondafybeiefits exergdithroughsaciegdotignaging
and DGRRISHIA QI ARIRES IS, RO B Ae R IorRRed INQIMMEHRIEf treating
release tablets. The toxmolor%y of D10-902 has been tested in dogs. At

CoOSBHATHHAREBIHH 5O {ior g/ gadereis inanetencaHeeplisgtdn need
of sietuctinndnfedd mtaka andmiseguationindpedyivaightand atiangkitiay

d ' lesterol. Th ' f the oth
o R S R A e
subgiiglelosesdi dveBethansatbimaats. At 200 mg WO
100g$106/04 288 PG TR0 @4&%9@@5%%%@'69 %%9&%/ é@’ee}%grfé& %92 ausa

suppresses testosterone to 10% of basal. The suppréssion occurs within

IPRIFR SLT SIS Y Wk et 65 OHa devalsretain Blselehsiraihin Bd plasma
D eniaton betmean 2 s & hocre et D 0D o 200 e e 2004
n ion between 2 an urs in dogs, - a .mg_drug/kg
L PSR LR [ e SN e BV R TEROEA Ry oo
sigri¢orithstencas)itboBoi whivaphtavithindihdeys et o ralidas nguphisidose wliues
in HEEHELASRVPPEE SRE SRR BIE OBl Sy LA £ ARHR
significantly more potent with respect to reélu%mg COrticoSterone 1n ra
deptpfiris theTetHeRdnamt e i 2red S inl iEsatoretpoidmostivd reaperititg
adniRAGING Ehalrsianehin tatsandsitheribscnantioniel HLEH Q902
has.not been previously administered as a single chemical entity to
ORGSR A 16 HoSASPAALS RV A HRiF Wi bR eEed as

enapiartoef.the approved racemic mixture. When normal volunteers are given
the racemic mixture, both enantiomers are orally available, and, after a
200 mg dose, a maximiun plasma concentration of the DI0-902

C“S@é’ﬂﬁf &8 3.6 pg/mL) is reached at 2 hours. The approved use for

[001DE racemisHRbdyERdshierdhedeatnenlel 4'poal Riec A BRE B8ents have
._.approved dose is 200 mg BID. In addition, higher doses of the racemic :

HiEH RS By 2000 MG A R PR T eI T e hand

malfiscbedodisechlainonsapproyeddesiaations: dnuming Gushingscortisol

rostate cancer. The racemic.mixture can caus

S(?crﬁ%%% ogqigigﬁaﬁnp rgééﬁgeoée%gs(%%%gr%ﬁué?gnoé PS5 fh(i/fﬁ%x%/‘%ﬂgn%}ﬁng per s¢ that

diregy DrPrpRe dleggrrsstisobriRatientforithsaishiigb eyadristvpiry Yoetoiatype 2

diabsRecificalinethe American Qiaheles AssarialionLennenizes sHiagngsis.of

diabetes in which the patient displays one of the following three

and/op Leatisail EE: a9 ysehsmhesisyiHDE F 4asPas MghtPRasnkstatanarde, or
aminvatiieedfigrdatgedhan 700 weieldt bhd dpnebibn 00 B S8 Besate R SEaSIaNS

in e absence of the symptoms of diabetes (polyuria, polydipsia
0 e MR A Ly AGRE s Poths PR gichea st
mvepfignaagyidemmebohgldigiingtoblygs Syaiplesnasgiatasanatee aff such
oS8RI HAR A0 AL LARMAUL 2 NOVIRANRLA I B AR, BlohIoad ol e

glucose. Prospective studies have convincingly demonstra

AmORg A fRREmRSTeHcAl e siion pitth Rt oFreRamREArcrBVRisuRI Substantially
complications including nephropathy and retinopathy. In addition to the
diagnostic hyperglycemia, patients with type 2 diabetes have an increased
incidence of hypertension, hypertriglyceridemia and hypercholesterolemia.
These significantly increase the risk of rnacrovascular and microvascular
diseases. [0118]The most important?@cquired risk factor for the
development of type 2 diabetes is adiposity, more specifically, visceral
adiposity. There are also genetic susceptibilities. Except for a small
number of clearly defined syndromes such as Maturity Onset Diabetes of
the WO 2006/072881PCT/1B2006/000026 Young (MODY, principally

craticed by miimtatione in the aene encodina ahiicokinace)l mnoet of the nenac



[0121]As noted above, the behavioral and therapeutic options available for

patients with type 2 diabetes are inadequate The life style changes have

proved very difficult to implement. The therapeutic options do not target

tHe WHeRFg cause(s) of the disease and some therapies, F§IT@RaPMIG0026

insulin and the glitizones, may exacerbate factors such as body weight
freetpBihechtrifutoauithesy nliodyiny ssuolimabisisteitivandthetver{isnbstithesis
inhilRIRRRUIE QRIIONS SRALCEAAS (MRsKglycemia), or at most two

(hyperglycemiaand either of hypertension or dyslipidemia) of the factors

that contribute to the micro and macro vascular complications. DIO-902 is
Dechelievaddgiasgetapimportant causal component of type 2 diabetes

evated cortisol bjoactivity) and to be able to treat the hyperglycemia,_.

e B TR e SR e (3 R 1o (e Bilaudel
and Giteyc Otivoideftanodecrecsteipstilinosansitivityeammti inctediseé iplalemadifforent

tech@lbGaSe Hevelsdiguah @ﬂf@,clﬁ@@)t%éiw,;abﬁrgﬁh@%%%&sﬁe%@.

Dbeta cells in humans (as well as in experimental an N€ _
Inhipitiop pdiratipRl v a8 Biopideblerebimaighitet sprameitens used in the
metRetbehy ate-mriabaligmcibighetepdiaia i Revidbhlich] 3QbclB.ted elulin

models, glucocorticoid n sary for the development of qbesity, .
secr B G B S dP T e B OAELago ned murine
pang| mmcwi@ﬂvthﬂ@t@$ﬂﬁhdm@wé®ﬂheie&d%@ Gesyani ef of.,
nmpeaihﬁggggﬂw}g;s@mandalg&gg%ﬁagg&%A Wely gﬁi%f?c%%&c@doﬁ%%ega%ﬁ% insulin

Cushing's syndrdme) can also cause diabetes.”More recently there is a
relegfoliPRy FERBGHRE tHA patibasit: HEdSuaradichatomented herein by
refeféREiJe MlONAS) RRE IO IBSHRHR INCHEASES IR AOISP) Laﬁgﬁ’tiﬁyg%f&xéﬁsed insulin

significantly elevated risk for developing diabetes, glucose intolerance
SCCTRS SO0 AT B R D TGO G B 57, BHIRE SBIYI PG

admihisfipioke mise{d prticho etatfd88)1y Sifbalinicabdusbings Syndeaimrealin
drenal incid tzaig " Clin Endacrinol (Oxf) 48(1). 89-97. Rossi et al.

C'Om?ZOOO). "Sub%’icaﬁggggﬁ%{e se%l {rlgrrﬁeég i?]upa% |é£(r11%y\;?/?ﬁ1e gi(p:Irgeen%}li"é?é
enanfefEntaloma: clinical and biochemical features." J Gin Endocrinol Metab

85(4): 1440-8). [0123]There are multiple reports suggesting that patients

with type 2 diabetes have increased levels of plasma cortisol particularly
Glaroma ‘g&‘%é’&r B%We BATHEHAdIr in the diurnal rhythm that occurs around
[007@iidnighteand theosartyimnburingide: iy iSQfluCRREOR (Gamesan 8kdnd the

( )y o tisolism in diabetes mellitus.” Di es Care,10(5):
H I?‘66 -4)%%%%%% %ﬁgstt%sﬁﬁlgct@ﬁ g%ﬁ&%u%%?ﬂ% qseeveﬁg\l}veésreet 6réa%§§egetdall
reripheialssnns T pitiglnes witicelidiiatpy mazn avon-elighetlescatne. laligest Ophthalmol
vis Shffesencennas 8l Samnlhinalidbhalen syaonad SoTsa] leuals ifﬁveig are

tic patients following a dexamethasone suppression test. Following

diape
T O o B P RS halaBr Nt o fistiaa tlrd phivmamBlssRgrinearpercent
free etetisdbliwnithecdagheromingimitteddiaheaiippationta Bl pebdedhe The most

: ntrols.-oimilarly, night time (Lentle and Thomas (1964). "Adrenal
s o A e Poptcasl o
glaumwmms@fsgs@ iSthwarigletidn Bh@readiplshythen aftertisobadaretion
hypeliliieiaa Bl paianken) and Mg A9 6ah (R99)
Plasma insulin, growth hoimone, cortisol, and central obesity amdng

meoR DO IR e tikibetic patients.” Diabetes Care 22(9): 1450-7)

[0078priish Isvisimessshig ferirpatestsnyith-tueid diRba e ihancontgls.

by (}){1?4 Aéstgogti%olt\gill i({%ﬁ:rease bloo t&E;e:e%‘sure and plasma glucose, the

Y P AR OnERTE hatne e ATRELE RA, Shitt KBIRROBRRS 5 B HAth type 2

subsigizaéle § trasf eelRstddinthtioner study e portdddihgtinimpatientscuithc typei?
diabetes, there is a greater disturbance of the cortisol diurnal rhythm in
those patients with hypertension compared to norrnotensive diabetics
(Kostic and Secen (1997). "Circadian rhythm of blood pressure and daily
hormonal variations" Med Pregl 50(242): 37-40). One study reported that
maturity onset, slightly overweight, non-insulin requiring diabetic patients
had higher cortisol levels than non-diabetics and that diabetic patients had
a clear diurnal glucose rhythm and their peak glucose coincided with the

peak cortisol (Fain:tan and Moorhouse (1967). "Diurnal variation in the
laviele nf aliicoce and related cirihetancece in heaalthyy and diahetie ci1ithiecte



WO 20(16/072881PCT/1B2006/000026 ectopic adrenocorticotropin
production.” J Clin Oncol 13(1): 157-64). Ketoconazole also lowers blood
pressure in the majority of patients with Cushing's syndrome (Sonino et al.
YE0006(578 Fallo et al. (1993). "Response of hypertension tBCT/AB2006/006026
conventional antihypertensive treatment and/or steroidogenesis inhibitors
theinegmsiiryf slsynolromn vl Arebpdived 28 (B)y BOB:8)rovides a method of treating
elatedS8IRhamnasological raduction.dp cortiseh sithesis hasalsaibeehn

evaluated in patients with type 2 diabetes. Metyrapone also inhibits llp
e RG-S SBC R FRanEtEin S AR FR8 R Sai Chi R afwreri el aeeive
amémshav-ianmsiidies teciatenmine el IIR e URRIR AN 0hepiiBahntially
o h %neﬁ%al effects on glucose homeostasis. One study (Atiea et

al &% Eegﬁlf} r%%ireﬁ‘ing hyperglycaemia "dawn phenomenon” in

non-insulin dependent diabetes mellitus (NIDDM): effects of cortisol
TmsRESsion.hy metyrapone.” Diabetes Res 14(4): 181- 5) used

metyrapone to suppress the noimal early morning rise in cortisol and
[0078horted asdpipidisrteriED ABPcHSE Wi Bohsraiarse i reosKith genditions
of ACEHHSONRIANIE AIMEBAIIRGE:QNR SIUgWISHP PR SRR HRONRUS £allisalk]

synthesis in patients yith type 1 diabetes usin etyrapone and then_ . .
oSS S VRt SR GFH RN TOIRE TAaY HSRILPRAFHLR 1) E5rBG gy Jepibition
of Jfb#iRiR-hdonvat;basdlleyetof dentiselloibe pairiscithaidIupPregsed the

cortisol profile, there was a significantly lower rate of glucose production

IR P eRe toreas) a rafideisesr inp ApsmEeRddasatal isaelic cBriRsisnda the

treS@FEQONELAIR AN b eI ARAUSILIRI DM AR S ERYSIA AR BL ke
) eE59 -603). Car _elno;lgllone%iﬁhibitsEtlhelri)gé(/t!%t’jitsitg(/(gp bothﬁl%Dl and I-}I%KE)&%OHS for

I TR XSG o STRErGraiviRdan d 181 1d ¥8isdto driathRpudy
"Glireateddoath Harmah vl yuieass. ArBkPabeR IS triyPR 3 digbeiesdokiol Metab

a it enoxolane .(Andrews et al..(2003), "Effects of the 11 )
199%@?&%% rﬁ?é&e%% (gé‘ﬁ%/l }rl&aér}fg Ofr%% %Slfeéar err?of%% S?Peqéno?r?sel?ﬁ?f)d“mem’
the %ﬁgﬁmmwiﬁmmmh@(befmm_teg thg i@tinvEn dooking letal)l- 88G) response
in a2RRra AR RANISATSWIBANRE RdinRRes Byl AotdRe AaMIAL VaINIIERIR),

. demonstrated a decrease in glucose production rate during a euglycemic
said patienha thirapshinyberdiertigomarnt Hampareaserireiemeeriioe i fheS4R
ketctismbeieriaioshin potrntbYtdy PR dRbBlesatiiese rials are
consistent with the conclusion that therapeutic use of this drug to
suppress cortisol synthesis can have beneficial effects on glucose, blood
Imppedggreldivactholesterol in patients with type 2 diabetes While there may

[00Pg an ingrease 1&&9{&%@&%\59'&95&0@&5%%@&%%5 M%Peo%t%@%%he&

therapeutic benefit can be obtained by a anther reduction T cortisol levels

competg i AR etretiteididorria te dhrsar Rstsrne Fesentaitnd increase

blod@pRRhi R HiesapasiGuSR&f fracemickeoeoRAEAIe N RAteNisawithivae
2 results, D10-902 will be both more
e

iabetes has produced encouragi
SR R SR e et W
the abiggrficatiiyiowierdCSntywar datie keyidniybeteitgarti salisynthasiailure.
11P- r\Gsa dowar ey enzyme in cholesterol .
z‘huﬁéggﬁi hg%’%%ﬁgﬁ% %@e?%?%ﬁe}[)k%?% Q Xvﬁe g 0¥tﬁ§:a 1 Egaérﬁg I a? ﬁnct}on
Tg8

> ase) than does the antiomer
fageabeni lepbyz ingmrsyisditnrstisnkdiosA af sishpreatmentionidmethod
combidipg@ieahastiviting M Gem 3500284819 hxthsRatsatialb, allowing
hah L@%‘é\/ﬂ gfise of drtu%to %%hé%fv the same efficacy., As demonstrated in
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2R Apetiguisgterene and cholesterol than is the 2R,4S enantiomer.
[0130]Furthermore D10-902 has a 12X higher ICso toward CYP7A (ICso =
2.4 microM) than does the 2R,4S enantiomer (1050 = 0.195 microM)
(Rotstein et al. 1992, supra). Without intending to be bound by a particular
mechanism, CYP7A suppression can lead to functional cholestasis and as
a consequence there can be hepaticzand plasma accumulation of
potentially toxic metabolites such as oxysterols and bilirubin and
xenobiotics such as ketoconazole itself. The reduced CYP7A inhibition
associated with D10-902 (compared to racemic ketoconazole) may

account, at least in part, for the unchanged toxicolcinefics of DIO902
Nnhecarnied after reneated docina TND12R11Praclinical etfiidiae have acenciated



[0133]Ketoconazole is an imidazole-containing fimgistatic compound.
D10-902 is an immediate release tablet to be taken orally and formulated
as shown in the table below. Component Percentage 2S,4R ketoconazole;
BeEHY"EGY Silicified Microcrystalline Cellulose, NF (ProsdlGHB2o)000626
16.5 Lactose Monohydrate, NF(316 Fast-Flo) 22.4 Corn Starch, NF
Thegpadred/so o shoidtr Biliconiosidbenimit@at-O-Sil M5P) 0.5

[ooVRAgNESUML B IRaHRE:N6i0:0 (HbRE ATUSIRFOGWCEMay Q@%&%%Qtﬂétr&% esept

tem;erature and |s anticipated to be stable for at lea years at 25

InVERRIRED S Rfe WB@M&?@G’W%*}H%TE&PW% of: (1)
hyyengdyvieviapf2)NerelinicatStueias (013 4ihihia saationequiaibssity, (5) lipid

dis&]aég,n(%% %@%ﬁ@%&?’é'ﬁ‘h’%ﬁ%@é&%}'&ﬂ }];%Q& ]Dcengemia (9)
hypercholesterolemia, (10) low HDL levels, (11) high LDL levels, (12) atherosclerosis and
its sequelae, (13) vascular restenosis, {14) pancreatitis, (15) abdominal obesity, {16)
neurodegenerative disease, {17) retinopaihy, (18) nephropathy, (19) neuropathy, {20)
Metabolic Syndroime, and (21) other conditions and disorders where insulin resistance is 8
component, in a mammalian patient in need of such treatinent, said method comprising
administering to the patient a therapeutically effective amount of a pharmaceutical
composition of the 25,4R ketoconazole enantiomer substantially free of the 2R,48
enantiomer.

[0077]  In another aspect, the present invention provides a method of delaying the onset of
a condition selected from the group consisting of (1) hyperglycernia, (2) low clucose
tolerance, (3) insulin resistance, (4) obesity, (5) lipid disorders, (6) dyshipidemia, (7}
hyperlipidemia, (8) hypertriglyceridemia, (9) hypercholesterolemia, (10) low HDL levels,
{11) high LDL levels, (12) atherosclerosis and its sequelae, (13) vascular restenosis, (14)
pancreatitis, (15) abdominal obesity, (16) neurodegenerative disease, (1 7) retinopathy, (18)
nephropathy, (19) neuropathy, (20) Metabolic Syndrome, and (2 1) other conditions and
disorders where insulin resistance is a component in 2 mammalian patient in need of such
treatment, said methed comprising administering to the patient a therapeutically effective
amount of a pharmaceutical composition of the 25,4R ketoconazole enantiomer substantially
free of the 2R 48 enantiomer.

[0078]  In another aspect, the present invention provides a method of reducing the risk of
developing a condition selected from the group consisting of (1) hyperglycemia, (2) low
ghncose tolerance, (3) insulin resistance, (4) obesity, (5) lipid disorders, (6) dyslipidemia, (7)
hyperlipidemia, (8) hypertriglyceridemia, (9) hypercholesterolemia, (10} low HDL levels,
(11} high LDL levels, (12) atherosclerosis and its sequelae, {13) vascular restenosis, (14)
pancreatitis, (15} abdominal obesity, (16) neurodegenerative disease, (17) retinopathy, (18)
nephropathy, (19) nearopathy, (20) Metabolic Syndrome, and (21) other conditions and
disorders where insulin resistance is a component in a mammalian patient in need of such

treatment, said method comprising administering to the patient a therapeutically effective
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and racemic ketoconazole. Pharmacology studies have included studies

conducted to demonstrate the suppressive effects of D10-902 on

corticosterone synthesis, serum cholesterol and testosterone levels in

rAR 283 tfungal activity of D10-902 has also been investifata8zi @ ipze

vitro study. The toxicology studies with D10-902 in dogs included a MTD
amatpyt aPhaemsuitp] eerineBoaaf deids.{hikstasriasrissagliomer substantially
frecBERRIONICIY Slidieshave also been conducted with D10-902. Because

D10-902 is purified from racemic ketoconazole, the safety of the mixture is

relevant to that of D10-902. Thus, this section WO
Orh2006#72831PCT/1B2006/000026 includes a summary of pharmacology

d toxjcolo ta taken primatily,from the. Summary Bas roval .
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phaRRAIRCRIoMALAR EReprimarY Rharmasalogical effeaiobRA0- 992 will

be through the suppression of cortisol synthesis. Pharmacologica

thergparienifiontier g deo ke CISMNEY plo fRp eprRetiv Hrtiahiigee of the
7R dipbetesnhynetension andidysiigidenio ik pejenthwit@ishingsinvention
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reclinical studies have associa eéng UCOCOHICOId ac IVI?y with insulin
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obtdMEMANAR.ELALAAAR fUREE)- Secondary benefits of D10-902
administration will include reduced cholesterol levels, reduced visceral

adiposity, and reduced blood pressure. [0136]A key enzymatic activity
Addgisvansatie bhejaneichenslilof D10-902 is 1113 hydroxylase, an

zyme that catalyzes the ultimate step in adrenal synthesis of cortisol. ,
Ay e L e et AR R
con(Bm%tiﬁabll@’IhEisi@g .tmegé(mmk nmhtiWMdﬂg free of the 2R, 48
ens SISO RS PRI O SHERI S50 5A ecion.

suppressive effects of D10-902 on corticosterone synthesis'was N
ceripipésngiee thereeniosn i beinrssprdguie D afne aeariceb rgrapgstion
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2R,4S-ketoconazole, or the racemate and were sacriticed at 4,

and/y ipel prdsolirstpeat BEsAR cmHe RstasIhdlisatéershe OIUDRstivdependently
seled@HRANABISMMGIh L ALIORH BlAS NGO T RSIELANS ANGIHR8S SO MR Rin

.potentl th%n IheéZR?,j_S. nantiomer, as shown in the following Tables. For
resi S AL AP SRR S LB B BSO02(0) BRSPS ©)
hyp&aiglyzeriddudaqditioplctynthasislbmnizy 16) IGR0HDIKete ko (HRAT I Mk els,
(12%@5@&93'1%(8@)' %Qf@@glgﬁsﬂssan%%g [;%5‘1%3 a]é,7 ﬁ%ﬂ}/gsﬁ%ﬁlrl%gs%enosis, (14)

pancreatitis, (15) abdominal obesity, (16} neurodegenerative disease, (17) retinopathy, (18)

nephropathy, (19) neuropathy, (20} Metabolic Syndrome, (21) prostate cancer, (22) benign
prostatic hyperplasia, and (23) other conditions and disorders where insulin resistance is a

component.
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0.91 NAV NAY (ldeyama et at 1999*) 17,20 lyase 0.017 0.05 2.38
(Rotstein et al. 1992, supra; Ideyama et at 1999) 11f3 hydroxylase NAY

[ NAV 110 39.6 (Rotstein et al.
%&5%%6%]’-72(8%? tstein et at 1992) aromatase ( PCT/AB2606/000026

Reducing cortisol levels in a subject by providing a constant exposure to I-acetyl-4- [4-[[2-
(2,4-dichlorophenyl)-2-[(1 H-imidazol-1-yl)-methyl] -1, 3-dioxolan-4-yI] methoxy] phenyl]
Piperazine

1606811 In one aspect the invention provides a method of reducing cortisol levels in a
subject by providing a constant exposure to 1-acetyl-4- [4-[[2-(2,4-dichlorophenyl)-2-{(1 H-
imidazol-1-yl}-methyl}-1,3-dioxolan-4-y1] methoxy] phenyl] piperazine by administering
doses of 25,4R. enantiomer that are substantially free of the 2R,48 enantiomer to the patient.

- In this context, providing a constant exposure to 1-acetyl-4- [4-[12-(2,4-dichlorophenyl)-2-
((1H-imidazol-1-yl)-methyl]-1,3-dioxolan-4-y1] methoxy] phenyl] piperazine means that the
drug does not accumulate in the subject to whom the drug is administered.

[0082] In one embodiment the 25,4R is administered over a period of at least 14 days
(e.g., 14 days), and preferably at least 28 days (e.g., 28 days). In one embodiment, the doses
of 25,4R enantiomer are administered daily (as a single or multiple daily administration). In
one embodiment, the doses of 28 AR enantiomer are administered on alternate days. In one
embodiment, the doses of 28,4R enantiomer are administered according to an other schedule
as part of a course of therapy, where the course of therapy lasts at least 28 days and whers
administration of an equal weight amount (or, altematively, a double weight amount) of
racemic ketoconazole results in acoumulation of the drug in the subject.

[6083] Accumulation of drug, or the absence of accumulation, can be measured by
determining the plasma level of drug on a first day and on a measuring the plasma level of the
drug on one or more subsequent days. For example, if the plasma level is measured on a first
day, denoted Day 1, subsequent measurements can be made on Day 7 and/or Day 14 and/or
Day 28, or daily for 1, 2 or 4 weeks. In one embodiment, determining the plasma level
involves measuring a 12 hour or 24 hour AUC. In one embodiment, the cortisol plasma level
on Day 1 and on at least one subsequent day selected from Day 7, Day 14 and Day 28 differs
by less than about 50%, preferably by less than about 25%, and sometimes by less than 15%.
It will be appreciated that, guided by this disclosure, a constant exposure of a particular
subject to 1-acetyl-4- [4-[[2-(2,4-dichlorophenyl)-2-[( 1H-imidazol-1-yl)-methyl}-1,3-
dioxolan-4-yl] methoxy] phenyl] piperazine can also be deduced from administration of
doses shown in pharmacokinetic studies o result in constant exposure in a statistically
significant number of similar subjects.

[0084] In a preferred embodiment, the constant exposure is provided by administering a
constant total periodic dose of the 284R enantiomer, such as a constant total daily dose (in

one or more administrations per day). In an embodiment, the subject has not previously been
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All'IC50 values in the Table above are given in uM. While there may be a

single enzyme or complex responsible for both the 17P hydroxylase and

the 17,20 lyase activities, different IC50 values have been reported for

SEQSH9pipiAsitors. NAV means data not available. * IdeyamaRGEBIBEEGIBN026

"YM116, 2-(1H-imidazol-4-ylmethyl)-9H-carbazole, decreases adrenal
reafRdrdEnasyntivesisteytintibitingG:Ta20lty deeae tivibp din e H2 O feurhasnot
beBRHRRARRINCA SALCIHOMALEHS. g AN 1@5&%@%&% Ekald IZII%IL%]'BQOI‘ to Day

C%e;followm Table, the effect of ketoconazole enantiomers on

fep Stebaiinebias supasstis BB AR e abRiheumibeditranabealyect is

a {(ﬁgeﬂnslaSﬁNgu@gl‘@J.d)sWﬁtﬁ Eeigrpiner-ion U Riles Ak gavagaalthe
cat N 10/gro Q) The eis a smgle control group (dosed
""%.t mn% %ﬁe ﬁeec%? HSE SRES S B RS htiomers on Corticosteroid

Levels in Rats Dose (mg/kg) Cortlcoster0|d Levels (mean 1 SEM; ng/mL)
Cg@&%&gﬁgg&;@R 4S Racemate 0 320 9,4 3209,4 3201 9.450186 1

14,9226 30.1'2151 20.7 100 1391 10.9196 17.2
[8085]  Thus, a variety of diseases, disorders, and conditions can bs treated, controlied,

prevented or delayed with the pharmaceutical compositions and methods of this invention,
including but not limited to: (1) hyperglycemia, (2) low glucose tolerance, (3) insulin
resistance, (4) obesity, (5) lipid disorders, (6) dyslipidemia, (7) hyperlipideraia, (8)
hyperirigtyceridemia, (9) hypercholesterolemia, (10) low HDL levels, (11) high LDL levels,
(12) atherosclerosis and its sequelae, (13) vascular restenosis, {14) pancreatitis, (15)
abdominal obesity, (16) neurodegenerative discase, (17) retinopathy, (18) nephropathy, (19)
neuropathy, (20} Metabolic Syndrome, and (21) other disorders where insulin resistance is a
component. In one embodiment, a method of the invention is practiced on a patient who
concurrently receives another treatment for one or more of these conditions.

[0086] As is apparent from the Figures and the Examples provided herein the 28, 4R
enantiomer of ketoconazole does not alter the pharmacokinetics of the 25,4R enantiomer and,
by extension, the 28,4R enantiomer of ketoconazole will not alter the pharmacokinetics of
other drugs that are metabolized and excreted by the same pathways that are utilized by the
25,4R enantiomer. Thus, the present invention provides for a method of co-administering
drugs that are commonly co-administered with racemic ketoconazole without the risks of
aberrant pharmacokinetics of the co-administered drug or racemic ketoconazole attendant to
the administration of racemic ketoconazole.

[6687] The pharmaceutical compositions of the invention can be co-administered or
otherwise used in combination with one or more other drugs in the treatment, prevention,
suppression, or ameiimation of the diseases, disorders, and conditions described nerein as
susceptible to therapeutic intervention in accordance with the methods of the invention.
Typically, the combination of the drugs provided by the methods of the present invention is
safer or more effective than either drug alone or of the non-25,4R ketoconazole enantiomer
drug in combination with racemic ketoconazole, or the combination is safer or more effective
than would be expected based on the additive properties of the individual drugs. Such other

drug(s) may be adniinistered by a route and in an amount commonly used contemporaneously
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2101 15,5200 100 8.6 2171 25.8135 13.740084 11.6192111.6113
6.6 600 80 7.8 167 6.8 115 14.3 [0138]The following Table presents the
data from a study of the time course of corticosterone inhibition in rates
THRARANG 38Ingle oral 200 mg/kg dose of ketoconazole enantioHiBag§06/006026
Corticosterone levels (mean SEM; ng/mL) were determined at the
or ipglicatettiwids afternaatyaaa gengfofitan ditdeBdiR et Q6@ avig/kgrFomer
e . o ¢ ) . |
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th%o(%%.ﬁ ime Course of Corticosterone Inhibition in Rag% Following a Single
O]

TRl Rg Dods BIKMBEYR BT ERE SR R R (HisURy active drugs
can(ertidosiarbidd evelsifmeanthaBpyimatmtdimce with the methods of the invention

also includes therapies in which the pharmaceutical compositions useful in the methods of the
mvention and one or more other drugs are administered on different overlapping schedules.

It is contemplated that, when used in combination with other active ingredients, the
pharmaceutical compositions useful in the methods of the present invention or the other
active mgredient or both may be used effectively in lower doses than when each is used
alone. Accordingly, the pharmaceutical compositions useful in the methods of the present
invention include those that contain one or more other active ingredients, in addition to the
28,4R ketoconazole enantiomer.

{0088] Examples of other drugs that may be administered in combination with a
pharmaceutical composition of the present invention, either separately or, in some instances,
the same pharmaceutical composition, include, but are not limited to:

[0689] (a) dipeptidyl peptidase IV (DPP-1V) inhibitors; (b) insulin sensitizers including
(i) PPARYy agonists such as the glitazones (e.g. pioglitazone, rosiglitazone, and the like) and
other PPAR ligands, including PPARo/y dual agonists, such as KRP-297, and PPARg.
agonists such as gemfibrozil, clofibrate, fenofibrate and bezafibrate, and (ii) biguanides, such
as metformin and phenformin; (c) insulin, insulin analogs, or insulin mimetics;

[6690] (d} sulfonylureas and other insulin secretagogues such as tofbutamide, glipizide,
glyburide, meglitinide, and related materials; () a-glucosidase inhibitors (such as acarbose);
(D) glucagon receptor antagonists such as those disclosed in PCT patent application
publication Nos. WO 98/04528, WO 99/01423, WO 00/39088, and WO 00/65810, each of
which is incorporated herein by reference; (g) GLP-1, GLP-1 analogs and mimetics, and
GLP-1 receptor agonists such as those disclosed in PCT patent application publication Nos.
WO 00/42026 and WO 00/59887, each of which is incorporated herein by reference; (h) GIP,
GIP analogs and mimetics, including but not limited to those disclosed in PCT patent
application publication No. WO 00/58360, incorporated herein by reference, and GIF
receptor agonists; (i) PACAP, PACAP analogs and mimetics, and PACAP receptor 3 agonists
such as those disclosed in PCT patent application publication No. WO 01/23420,
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Vehicle 2S,4R (010-902) 2E,48 Raeemate 4 298 15.8 98101911 14
134108374117 116 132061 131631112296 21 113 8 1759 15314
16 289 16

WO 2006/072881 PCT/TB2006/000026
incorporated herein by reference; (j) cholesterol lowering agents such as (i) HMG-CoA
reductase inhibitors (lovastatin, simvastatin, pravastatin, flavastatin, atorvastatin, rivastatin,
ifavastatin, rosuvastatin, and other statins), (ii) sequestrants {cholestyramine, colestipol, and
dialkylaminoalky! derivatives of a cross-linked dextran), (iif) nicotinyl alcohol, nicotinic acid
or a salt thereof, (iv) inhibitors of cholesterol absorption, such as for example ezetimibe and
P-sitosterel, (v) acyl CoA:cholesterol acyliransferase inhibitors, such as for example
avasimibe, and (vi) anti-oxidants such as probucel; (k) PPARS agonists, such as those
disclosed in PCT patent application publication No. WO 97/28149, incorporated herein by
reference; (I} antiobesity compounds such as fenfluramine, dexfenfluramine, phentermine,
sibutramine, orlistat, neuropeptide Y5 inkibitors, CB1 receptor inverse agonists and
antagonists, and 3 adrenergic receptor agonists; (m) an ileal bils acid transporter inhibitor;
() agents intended for use in inflammatory conditions other than glucocorticoids, such ag
aspirin, non-steroidal anti-inflammatory drugs, azulfidine, and cyclooxygenase 2 selective
inhibitors, and (o) protein tyrosine phosphatase-1B (PTP-1B) inhibitors.

0691} Thus, in one embodiment, the present invention provides a pharmaceutical
composition that comprises: (1) a therapeutically effective amount of 28,4R ketoconazole
enantiomer substantially free of 2R,4S ketoconazole enantiomer; (2) a therapeutically
effective amount of compound selected from the group consisting of: (a) DPP-IV inhibitors;
(b) msulin sensitizers selected from the group consisting of (i) PPAR agonists and (ii)
biguanides; () insulin and insulin analogs and mimetics; (d) sulfonylureas and other insutin
secretagogues; (e) a-glucosidase inhibitors; (f) glucagon receptor antagonists; (g) GLP-1,
GLP-1 analogs and mimetics, and GLP-1 receptor agonisis; (h) GIP, GIP analogs and
mimetics, and GIP receptor agonists; (i) PACAP, PACAP analogs and mimetics, and PACAP
receptor 3 agonists; (j) cholesterol lowering agents selected from the group consisting of (i)
HMG-CoA reductase inhibitors, (ii} sequestrants, (i} nicotinyl alcohol, nicotinic acid or a
salt thereof, (iv) PPARw agonists, (v) PPAR/y dual agonists, (vi) inhibitors of cholesterol
absorption, (vii) acyl CoA:cholesterol acyltransferase inhibitors, and (viif) anti-oxidants; (k)
PPARS agonists; (1) antiobesity compounds; () an ileal bile acid transporter inhibitor; (m)
anfi-inflammatory agents other than glucocorticoids; and (o) protein tyrosine phosphatage-18
(PTP-1B) inhibitors; and (3) a pharmacentically acceptable carrier.

[0692] The above pharmaceutical compositions and combination therapies include those
in which the 2S,4R ketoconazole enantiomer substantially or entirely free of the 2R,48

enantiomer, or a pharmaceutically acceptable salt, hydrate, or solvate thereof, is co-
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10314 182 10 15114 WO 2006/072881PCT/182006/000026 [0139]The

secondary benefits of D10-902 administration will include reduced LDL

AH e 2BBlesterol, reduced visceral adiposity, reduced blobdt fragetiresoze

and antifungal activity. The mechanism of action for D10-902 induced
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attenuate the cholesterol lowering éffect of this drug. The single
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compounds; (m) an ileal bile acid transporter inhibitor; (n) anti-inflammatory agents

exchuding glicocorticoids; and (o) protein tyrosine phosphatase-1B (PTP-1B) inhibitors.
[0694]  In another embodiment, the present invention provides a method of treating a
condition selected from the group consisting of hypercholesterolemia, atherosclerosis, low
HDL levels, high LDL levels, hyperlipidemia, hypertrigiyceridemia, and dyslipidemia, in a
mammalian patient in need of such treatment, said method comprising administering to the
patient a therapeutically effective amount of a pharmaceutical composition of the 28 4R

ketoconazole enantiomer substantially free of the 2R 48 enantiomer and an HMG-CoA.
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WO 2006/072881PCT/IB2006/000026 Effect of Ketoconazole

Enantiomers on Serum Cholesterol in Rats Time (hours) Cholesterol

levels (mean / SEM; mg/dL) Vehicle 25,4R (D10- 902) 2R,4S Racemate 4
7 3X%¥4885 1985.11781.23.9873.5 .573.5 3.1 85.1 15/ IB2096/000026

reductase inhibitor. In one embodiment, the HMG-CoA reductase inhibitor 1s a statin. In one
embodiment, the statin is selected from the group consisting of lovastatin, sirvastatin,
pravastatin, fluvastatin, atorvastatin, itavastatin, ZD-4522, rosuvastatin, and rivastatin.

[0095) In another embodinment, the present invention provides a method of reducing the
risk of developing a condition selected from the group consisting of hypercholesterclemia,
atherosclerosis, low HDL levels, high LDL levels, hyperlipidemia, hypertriglyceridemia and
dyslipidemia, and the sequelae of such conditions is disclosed comprising administering to a
mammalian patient in need of such treatment a therapeutically effective amount of a
pharmaceutical composition of the 258,4R ketoconazole enantiomer substantially free of the
2R, 48 enantiomer and an HMG-CoA reductase inhibitor. In another embodiment, the method
for delaying the onset or reducing the risk of developing atherosclerosis in 3 human patient in
need of such treatment further comprises the administration of a cholesterol absorption
inhibitor in combination with a statin HMG-CoA reductase inhibitor and a pharmaceutical
composition of the 28 4R ketoconazole enantiomer substantially free of the 2R, 48
enaniiomer. In one embodiment, the cholesterol absorption inhibitor is a cholesterol transfer
ester protein (CTEP) inhibitor. In another embodiment the CTEP inhibitor is ezetimibe.
[6696]  In another embodiment, the invention provides a method for delaying the onset or
reducing the risk of developing atherosclerosis in a himan patient in need of such treatment,
said method comprising administering to said patient an effective amount of a pharmaceutical
composition of the 2S,4R ketoconazole enantiomer substantially free of the 2R,4S
enantiomer and an HMG-CoA reductase inhibitor. In one embodiment, the HMG-CoA
reductase inhibitor is a statin. In one embodiment, the statin is selected from the group
consisting of: lovastatin, simvastatin, pravastatin, fluvastatin, atorvastatin, itavastatin, ZD-
4527, rosuvastatin and rivastatin. In one embodiment, the statin is sitnvastatin,

[0097] The mvention, numerous embodiments of which have been described above, may
be further appreciated and understood by the examples below, which demonstrate that the
25,4R enantiomer is more effective than racemic ketoconazole or the 2R,4S enantiomer in
the racemate at reducing the concentration of the active glucocorticoid in the plasma and does
not impair (or impairs to a significantly less extent) drug metabolism as does racemic

ketoconazole.
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EXAMPLES
EXAMPLE 1. Measurement of corficosterone and cholesterol following dosing with racemic

ketoconazole and the enantiomers of ketoconazole

[6098] The effect of ketoconazole and the ketoconazole enantiomers on corticosterone
levels in the plasma of Sprague Dawley rats was determined. For the experiment described in
Fig. 1, the four enantiomers and the racemic ketoconazole were suspended in olive oil. To
generate the results shown in Fig. 1, five groups {(eight per group) of rats were used. The ratg
were maintained on a 14/10 hour light/dark cycle and allowed free access to food and water.
Each rat was dosed (200 mg drug/kg body weight) via a gastric tube. The rats in group 1 were
dosed with the vehicle (olive oil}, while the rats in the other four groups were dosed with one
of the four ketoconazole enantiomers as indicated. All of the rats were dosed between 2.00
and 3.00 pm and were sacrificed four hours Iater (between 6.00 and 7.00 pm). Plasma was
prepared and the concentration of corticosterone determined by an enzyme linked immuno
assay (ELISA). In rats, the predominant active glucocorticoid is corticosterone; in humans,
the predominant active glucucorticoid is the closely related molecule cortisol. The results
shown in Fig. 1 demonstrate that, in comparison to the vehicle control, the two trans
enantiomers {2548 and 2R4R), when given fo rats at 200mg/kg, have little effect on the blood
level of corticosterone. In contrast, both cis enantiomers reduce corticosterone, with the
28,4R being significantly more efficacious than 2R 4S.

16699} For the experiment summarized in Fig. 2, there was one vehicle (olive oil) group
of 9 rats, and 15 groups of 10 rats/group treated with the specified dose of ketoconazole or
one of the two (25,4R and 2R 45) cis enantiomers of ketoconazole. The rats were maintained
and dosed as described above. Plasma was prepared and the concentration of corticosterone
in the plasma determined by ELISA. The results shown in Fig. 2 demonsirate that there is a
dose dependent effect of both ketoconazole and the enantiomers on corticosterone levels and
that the 23,4R enantiomer is significantly more efficacious than both the ketoconazole
racemate and the other cis enantiomer (2R 48).

16100] For the experiment summarized in Fig. 3 and Fig 8, there were six groups of ten
rats/group that were treated with the vehicle {olive oil) and eighteen groups of 10 rats/group
treated with either ketoconazole or one of the two (25,4R and 2R,48) cis enantiomers of

ketoconazole, The rats were maintained as described above; the drugs were suspended in
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[0142]Two studies were conducted to investigate the effect of DIO-902 on
testosterone levels in rats. In one study, male Sprague Dawley rats
(10/group) received a single oral (via gastric tube) dose of 0, 50, 100, 200,
WE4HA76HE mg/kg of 25,4R-ketoconazole (010-902), PCT/IB2006/000026
2R,4S-ketoconazole, or racemic ketoconazole, and were sacrificed 4
olivgoukszpdstdosingaéniersd imestadipsmalets pragbzDavdese it20Q ighau @l of
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2S,4R-ketoconazole (010-902), 2R,4S-ketoconazole, or the racemate,
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10/group). There was a single control group (dosed with vehicle). Effect of
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demonstrate that the 28,4R is significantly more efficacious than the 2R 48 enantiomer at
lowering cholesterol. The results show that efficacy of the racemate is intermediate between

the two enantiomers.

Effect of racemic ketoconazole and the 28,4R, and 2R,4S enantiomers on

cholesterol levels in rats at the indicated time after oral dosing with 200mg of the indicated

drug {or vehicle)
Time (hours) Cholesterol Levels (mean = SEM; mg/dL)

Vehicle 28,4R (DIG-902) IR, 48 Racemate
4 773 =39 69.6 + 1.9 85.1 27 8124 3.9
8 735 +£.5 73.5 £3.1 85.1 =54 73.5 £2.3
12 69.6 £3.5 773 £39 773 +1.9 69.6 =23
16 69.6 =19 61.9 3.1 713 +4.6 69.6 £3.1
20 69.6 £1.9 58 £1.2 69.6 2.7 65.7 £2.7
24 65.7 £2.7 61.9 &+ 3.1 69.6 1.5 65,7 %39

EXAMPLE 2. Measurement of drug exposure following dosing with racemic ketoconazole

and the cis enantiomers of ketoconazole

{0101] In this example, dogs were treated with ketoconazole or with the 28,4R

enantiomer only, and the plasma levels of the corresponding drug were determined.
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Stppression Following a Singlt e 3D
over-ride was used f01 study related activities, flaorescent lighting was controlled

automatically to give a cycle of 12 howrs light (0700-1900) and 12 hours dark, Certified
canine diet (#8727C, Harlan Tellad) was available ad libitum. Water was provided ad libitum

via an automatic watering system. After arrival at the test lab, the dogs were acclimated for
19 days and then randomized, as needed, to a treatment group using a computerized blocking
procedure designed to achieve body weight balance. After allocation, the mean body weights
were calculated and inspected to ensure there were no unacceptable differences between
groups. The animals were individually identified by means of an electronic implant,

[0104] In the first group, the dogs were dosed daily by oral delivery of a gelatin capsule
(size 13, Torpac, New Jersey, USA). The capsule contained sufficient racemic ketoconazole
to provide a dose of 40 mg drug/kg body weight/day. The capsules were prepared weekly for
each animal based on individual body weights. The capsules and the bulk drug were stored at
room temperature in sealed containers. For the second group, the gelatin capsules contained
sufficient racemic ketoconazole suspended in olive oil to provide a dose of 40 mg drug/kg
body weight/day. The animals were observed approximately 1 to 2 hours after dosing, daily,
throughout the experiment. Blood samples (1 ml into lithium heparin) were taken from the
jugular vein fiom each of the animals on the first day of dosing and again at week 4 (after 28
daily doses) at 0 (pre-dose) 1, 2, 4, 8, 12, and 24 hours after dosing. At week 4, the pre-dose
sample was timed to be 24 hours post-dosing on the previous day. Plasma samples were
stored frozen at 70 degrees Centigrade until analysis. The plasma samples were analyzed for

racemic ketoconazole as described below using racemic ketoconazole as a standard.
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Enantiorners in Rats Time (hours) Testosterone levels (mean SEM;
nmol/L)  Vehicle 25,4R (DIO- 902) 2R,4S Racemate 4 3.7 0.7 0.8 0.2

\:?av'f)} 90%6}0'762%? 889 14 PCT/IB2006/000026

[0105] As shown in Fig. 4, the pharmacokinetic profile (concentration as a function of
time) of racemic ketoconazole in the plasma of the dogs dosed only once (and the plasma
assayed over the first 24 hours after dosing) was significantly diminished as compared to the
pharmacokinetic profile of racernic ketoconazole in the plasma of dogs dosed daily for 28
days (and the plasma assayed over the 24 hours after the last of the 28 doses). This effect was
obtained in both groups (racemic ketoconazole administered as a dry powder and racemic
ketoconazole administered as a suspension in olive oil). The Area Under the Curve (AUC)
was caloulated using the linear trapezoidal rule. The AUC determiped afier a single dose was
significantly reduced in comparison to the AUC determined after 28 daily doses (ses Fig. 5).
Again, this effect was seen in both groups (racemic ketoconazole administered as a dry

powder and racemic ketoconazole administered as a suspension in olive oil).

Pharmacokinetics of the 28.4R enantiomer
[0166] Another group of three female and three male dogs was dosed with the 28,4R.

enantiomer of ketoconazole, and the concentration of the enantiomer in the plasma of the
dogs was determined on the first day of dosing and again after four weeks of daily dosing,
{0197} The dogs were purpose bred beagle dogs obtained from Harlan, Bicester, Kent,
England. The dogs were 4.5 to 5 months old and weighed between 6.7 and 8.85 kg on arrival
at the test lab. They were approximately 6 to 6.5 months of age at the start of dosing. The
dogs were housed in a single exclusive room, air conditioned to provide a minimuam of 10 air
changes/hour. The temperature and relative humidity ranges were 16 to 24 degree Centigrade
and 30% to 80%, respectively. With a few exceptions when manual over-ride was used for
study related activities, fluorescent lighting was controlled automatically to give a cycle of 12
hours light {0700-1900) and 12 hours dark. The animals were housed singly during the day in
pens of 2.25 m?, and animals of the same experimental group and sex were housed overnight
in pens of at least 4.5 m”.

[0108] Each animal was offered 400 g of Harlan Teklad Dog Maintenance Diet (Harlan,
Teklad, Bicester, England) and a Winalot Shapes biscuit (Friskies Pet Care, Suffolk,
England) each morning after dosing with ketoconazole or the 2 84R enantiomer. Water was
provided ad libitum via an automatic watering system. Bedding was provided on a daily basis
to each animal by use of clean wood flakes/shavings (Datesand Ltd. Manchester, England).
After arrival at the test lab, the dogs were acclimated for 7 weeks and fhen randomized, as
needed, to a treatment group based on a stratified randomization procedure, using littermate

data and the most recent body weight data. After allocation, the mean body weights were
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calculated and inspected to ensure there were no unacceptable differences between groups,
The animals were individually identified by means of an elecironic implant.

{0109} Three male and three female dogs were dosed daily by oral delivery of a gelatin
capsule (size 13, Torpac, New Jersey, USA}. The capsule contained sufficient 28,4R
enantiomer to provide a dose of 20 mg drug/kg body weight/day. The capsules were prepared
weekly for each animal based on individual body weights. The capsules and the bulk drug
were stored at room temperature in sealed containers, The animals were observed
approximately 1 to 2 bows after dosing, daily throughout the experiment. Blood samples (1
ml into lithium heparin) were taken from the jugnlar vein from each of the animals on the
first day of dosing and again at week 4 (after 28 daily doses) at 0 {pre-dose) 1, 2, 4, 8, and 24
hours after dosing. At week 4, the pre-dose sample was timed to be 24 hours post-dosing on
the previous day. Plasma samples were stored frozen at —70 degrees Centigrade until
analysis. The plasma samples were analyzed for the 28,4R enantiomer as described below
using racemic ketoconazole as a standard.

{0116} As shown in Fig. 6, the pharmacokinetic profile (concentration as a function of
time) of the 28,4R enantiomer in the plasma of the dogs dosed onlty once {and the plasma
assayed over the first 24 hours after dosing) was not distinguishable from the
pharmacokinetic profile of the 25,4R enantiomer in the plasma of do gs dosed daily for 28
days (and the plasma assayed over the 24 hours after the last of the 28 doses). The Area
Under the Curve (AUC) was calculated using the linear frapezoidal rule. The AUC
determined after a single dose was not distinguishable from the AUC determined afier 28

daily doses (see Fig. 7).

Ketoconazele assay procedures

[8111) Assays were established and validated using racemic ketoconazole. Plasma from
the dogs treated with racemic ketoconazole, the 25,4R enantiomer, or the vehicle control was
prepared by standard methods and frozen at -70 degrees Centi grade until assayed. To assay
the concentration of racemic ketoconazole (or the 2S,4R enantiomer), the plasma samples
were thawed and briefly vortexed, and 100 microliter aliquots taken. An internal standard
(clotrimazole 25 microliters, 100 micro grams/mL, Sigma Aldrich) was added to the samples
and mixed briefly. The samples were subjected to solid phase extraction using OASIS HLB
(Waters Ltd. 730-740 Centennial Court, Centennial Park, Elstree, Hertsfordshire WD6 382

England). The eluates were evaporated to dryness under a stream of nitrogen at nominal 40
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6.01.05.9 0.5 3. Arttifungal Activity. [0144]In an in vitro study, both

D10-902 and 2R,4S-ketoconazole exhibit antifimgal activity as reported in

the following Table. In this study, yeast isolates were incubated with

YaeethrdKstdconazole, D10-902 (2S,4R-ketoconazole), PCT/AB2006/000626

2R,4S-ketoconazole, or solvent (DMSO) for 48 hours at 361 1C, and the
degroénifuntipiaiibitorhe eed et atiaisidad s deiteshire gridhe MUGWesy Lquid

' the lowest. ration that substantially inhibited growth of
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in Number OrgOrganism MIC ong/L) Ketoconazole 2R,4S 2
reci%%é?%%el%& %I?f%}(gy%}l B&\g;‘ght?ng %o tmprove accuracy at low levels, The

lower limit of quantification (LLOQ) for ketoconazole in dog plasma was 0.25
micrograms/milliliter with linearity demonstrable to 25 micrograms/milliliter. The

coefficients of determination () were better than or equal to (0.99226.

EXAMPLE 3. Formulation and Clinical Trial of the 28,4R Enantiomer Substantially Free
of the 2R 48 Enantiomer of Ketoconazole in Type 2 Diabetes

A, Abbreviations
[6113] The following abbreviations are used in this Example.

Term/Abbreviation  Explanation

ALT alanine fransammase

AST aspartale transaminase

AUC area under the curve

Bid twice daily

Biw twice weekiy

BUN blood urea nitrogen

cv cocfficient of variation

ELISA enzyme-linked immunosorbent assay
DA Food and Drog Administration

GI Gastrointestinal

GLP Good Laboratory Practice

IND Investigational New Drug {application)
v Intravenous

MedDRA Medical Dictionary for Regulatory Activities
NDA New Drug Application

NOAEL no-observed-adverse-effect level

PBS phosphate-buffered saline

Qd Daily

Qw Weekly

RP-HPLC reverse-phase high-performance liquid chromatography
SBA Summary Basis of Approval

SC subcutaneous, subcutanecusty
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<0.015 <0.015 <0,015 11944 Candida albicans <0.015 <0.015 <0.015
11949 Candeda albicans 0.125 0.25 0.125 11945 Candida albicans 0.03
0.03 0.03 11943 Candida albicans <0.015

WO 20606/072881 PCT/IB2086/000026
SD standard deviation
SDS-PAGE sodinm dodecyl sulfate-polyacrylamide gel elsctrophoresis
SE-HPLC size-exclusion high-performance liquid chromatography
UsP United States Pharmacopoeia
WBC white blood esll
B. Gvervigw

10114] An illustrative formulation of the 25,4R enantiomer of ketoconazole substantially
free of the 2R,4S enantiomer (hereinafter called DIO-902) is described in this Example
together with pre-clinical data supporting its testing as an investigational new drug in human
chinical trials for the treatment of the hyperglycemia associated with type 2 diabetes mellitug.
All references cited herein are incorporated herein by reference. Secondary benefits of this
drug candidate are expected to include reduced total and LDL cholesierol, reduced blood
pressure and reduced visceral adiposity. Racemic ketoconazole {the mixture of the two
enantiomers 28,4R and 2R 4S) is an approved drug (NIZORAL®) for the treatment of a
variety of fungal infections. As racemic ketoconazole also inhibits cortisol synthesis, this
drug is used as a non-approved therapy for patients with Cushing’s syndrome. In these
patients racemic ketoconazole reduces glucose, cholesterol, and blood pressure. As cortisol
may be a coniributing cansal factor in the development of type 2 diabetes, clinical trials with
racemic ketoconazole have been carried out in these patients. The results of these clinical
trials support treating type 2 diabetes through lowering of plasma cortisol. Racemic
ketoconazole has, however, been associated with hepatotoxicity. Preclinical results support
that DIG-902 may be safer and more efficacious than the racemic mixture.

[0L15]  DIO-902 is the 28,4R enantiomer of ketoconazole (25,4R cis-1-acetyl-4-[4-[[2-
(2,4-dichlorophenyl)-2-(1H-imidazol-1-ylmethyl)-1,3-dioxolan-4-ylmethoxyl|phenyl]
piperazine). Ketoconazole, an approved drug, is a racemic mixture of both the 28,4R
enantiomer and the 2R,48 enantiomer. DIG-902 has been purified from the racemic mixture
and is largely (greater than 99%) free of the 2R,4S enantiomer. It is anticipated that the
primary pharmacological effect 0of DIO-902 will be through the suppression of cortisol
synthesis, with secondary benefits exerted through a reduction in cholesterol synthesis. DIO-
902 has been formulated into immediate release tablets. The toxicology of DIO-902 has been
tested in dogs. At oral doses of up to 20 mg/kg/day for 28 days the only noted effect was a
reduction in food intake and a reduction in body weight and a trend to a decrease in
cholesterol. There were no noted changes in any of the other serum chemistry or the

hematological parameters measured. Higher single doses have been used in rats. At 200 mg
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drug/kg body weight DIO-902 suppresses testosterone to 10% of basal. The suppression
oceurs within four hours of dosing and testosterone levels return to normal within 8 hours.
DIO-502 is orally available and reaches a maximal plasma concentration between 2 and §
hours in dogs. DIO-902 at 200 mg drug/kg body weight reduces serum levels of the active
glucocorticoid in rodents (corticosterone) to 25% of basal within 4 hours of oral dosing. This
dose of drug also suppresses plasma cholesterol. Thus, DIO-902 (25,4R) is significantly more
potent with respect fo reducing corticosterone in rats than is the other enantiomer (2R,48) and
is more potent with respect to reducing cholesterol in rats than is the other enantiomer.

[0116]  DIO-902 has not been previously administered as a single chemical entity to
human patients. However, this molecule has been widely administered as part of the
approved racemic mixture. When normal volunteers are given the racemic mixture, both
enantiomers are orally available, and, after 2 200 mg dose, a maximmum plasma concentration
of the DIO-902 (approximately 3.6 pug/ml) is reached at 2 hours, The approved use for the
racemic mixture is for the treatment of fungal infections and the approved dose is 200 mg
BID. In addition, higher doses of the racemic mixture (up to 2000 mg/day) have been used.
The racemic mixture has also been used for non-approved indications, including Cushing’s
syndrome and prostate cancer. The racemic mixture can cause hepatoxicity and reduces
testosterone, and 1,25 dihydroxy Vitamin D.

01173 The diagnostic criterion for type 2 diabetes is hyperglycemia. Specifically, the
American Diabetes Association recognizes a diagnosis of diabetes in which the patient
displays one of the following three characteristios: a) a casual {any time of day or night)
plasma glucose value of greater than 200 mg/dL (11.1 mmol/L) on two separate cccasions in
presence or absence of the symptoms of diabetes (polyuria, polydipsia or unexplained weight
Joss}, or b) a fasting (8 hour) plasma glucose value of greater than 126 me/dl (7 mmol/L), or
¢) a plasma glucose value of greater than 200 mg/dl (11.1 mmol/L) 2 hours after a 75 gram
oral load of glucose. Prospective studies have convincingly demonstrated that hyperglycemia
is causally associated with leng term microvascular complications including nephropathy and
retinopathy. In addition to the diagnostic hyperglycemia, patients with type 2 diabetes have
an increased incidence of hypertension, hypertriglyceridemia and hypercholesterolemia.
These significantly increase the risk of macrovascular and microvascular diseases.

[0118] The most important acquired risk factor for the development of type 2 diabetes is
adiposity, more specifically, visceral adiposity. There are also genetic susceptibilities, Except

for a small number of clearly defined syndromes such as Maturity Onset Diabetes of the
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Young (MODY, principally caused by mutations in the gene encoding glucokinase) most of
the genes that contribute to the development of type 2 diabetes have not been identified.
Physiologically, hyperglycemia in patients with type 2 diabetes is caused primarily by insulin
registance - a relative failure of insulin to stimulate glucose uptake and to suppress glucose
production. This insulin resistance is initially partially compensated for by increased insulin
synthesis. In many patients there is a later stage where insulin production declines with a
significant worsening of the hyperglycemia. There is stiil some uncertainty surrounding the
cause of the insulin resistance with evidence supporting key roles for intracellular lipids and
direct alterations in the activity of insulin signaling molecules. Increased glucocorticoid
bioactivity could also be a direct or indirect cause of insulin resistance and beta cell failure.
{0119} Ax important treatment option in patients with type 2 diabetes is dietary
modification, increased exercise and weight loss. Unfortunately, while effective, this option
has proved difficult to implement. Pharmacological therapentics include metformin,
sulphonylureas (and Meglitinide and Nateglinide which, like the salphonylureas increase
insulin secretion), the glitizides (Pioglitizone and Rosiglitizone) and insulin. Although
effective, glucose control remains sub-optimal. In 20035, at their annual conference, The
American Association of Clinical Endocrinologists (AACE) announced a new glycosylated
hemoglobin standard of 6.5% or lower for patients with type 2 diabetes. This new standard is
part of an effort to prevent diabetes complications. Dr. Paul Jellinger, current president of the
American College of Endocrinology (ACE), said that the AACE is embarking on this effort
after a study showed two thirds of Americans with type 2 diabetes are not adequately treating
the disease. Further, none of the drugs approved for glucose control appear to target the
underlying cause(s) of the insulin resistance and some (such as insulin and the glitizones) can
cause weight gain, which may exacerbate the insulin resistance. One advantage of DIO-902
over currently available therapeutics is that this drug is believed to targets one of the causes
of type 2 diabetes.

[6120] An additional potential advantage of DIO-902 is the possibility that this diug is
believed to be able to improve significantly other cardiovascular risk factors inclﬁding
hypercholesterolemia and hypertension. The majority of patients with type 2 diabetes have
coexisting cardiovascular risk factors, including hypertension, dyslipidemia, and
microalbuminuria (Alexander et al. (2003). "NCEP-defined metabolic syndrome, diabetes,
and prevalence of coronary heart disease among NHANES III participants age 50 years and
older.” Diabetes 52(5): 1210-4). Independent of glycemic conirol, controlling hypertension

and microalbuminuria has been shown to prevent both the micre- and macrovascular
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complications of diabetes. Further, the conirol of dyslipidemia contributes to cardiovascular
risk reduction and may decrease the risk of developing diabetic nephropathy (BeH (2002).
"Chronic complications of diabetes.” South Med J95(1): 30-4). Racemic ketoconazole
reduces blood pressure and cholesterol in patients with Cushing’s syndrome (Sonine ef af.
{1991). "Ketoconazole treatment in Cushing's syndrome: experience in 34 patients.” Clin
Endocrinol (Oxf) 35(4): 347-52) and reduces cholesterol in patients with
hypercholesterolemia (Gylling et al. (1993). "Effects of ketoconazole on cholesterol
precursors and low density lipoprotein kinetics in hypercholesterolemia." J Lipid Res 34(1):
59-67) and prostate cancer (Miettinen (1988). "Cholesterol metabolism during ketoconazole
treatment in man." J Lipid Res 29(1): 43-51). Data obtained in the Phase 2 clinical trial
described by IND 60,874 also support that racemic ketoconazole reduces total and LDL
cholesterol and blood pressure in patients with type 2 diabetes. Preclinical results described
here and in Example 1 indicate that DIO-902 will have enhanced activities with respect to
blood pressure and cholesterol.

[0121] As noted above, the behavioral and therapeutic options available for patients with
type 2 diabetes are inadequate. The life style changes have proved very difficult to
implement. The therapeutic options do not target the underlying cause(s) of the disease and
some therapies, for example insulin and the glitizones, may exacerbate factors such as body
weight that contribute to the underlying insulin resistance. Further, most therapeutic options
reduce one (hyperglycemia), or at most two (hyperglycemia and either of hypertension or
dystipidemia) of the factors that contribute to the micro and macro vascular complications.
DIO-902 is believed to target an important causal component of type 2 diabetes (elevated
cortisol bioactivity) and to be able to treat the hyperglycemia, hypertension and dyslipidemia
in these patients.

{G122] That glucocorticoids can decrease insulin sensitivity and increase plasma glucose
levels through effects on the liver, fat, muscle and pancreatic beta cells in humans (as well as
in experimental animals) is well established (McMahon ef af. (1988). "Bffects of
glucocorticoids on carbohydrate metabolism.” Diabetes Metab Rev 4(1): 17-30}. In rodent
models, ghicocorticoids are necessary for the development of obesity, glucose intolerance
and diabetes and, in some cases increased glucocorticoid activity is sufficient to cause
diabetes. In humans, pathological increases in glucocorticoid levels (as seen in patients with
Cushing’s syndrome) can also cause diabetes. More recently there is a growing recognition
that patients with incidental adrenal tumors (incidentalomas) and more subtle increases in

cortisol activity are at significantly elevated risk for developing diabetes, glucose intolerance
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Cryptococcus neofOrmans 0.06 0.03 0.03 11956 Issachenkia orientates
0.25 0.5 0.25 11958 Issatchenkia orientalis 1 2 1 01333 Saccharomyces
cerevisiae 0.25 0.25 0.25 [0145]While the anti-fungal activity of the 2S,4R
EYfartisiEPHas been asserted without PCT/IB2Z066/06002¢

hypertension, diffuse obesity and dyslipidemia {Terzolo ef al. (1998). "Subclinical Cushing's
syndrome in adrenal incidentaloma.” Clin Endocrinel (Oxf) 48(1): 89-97; Rossi et al. (2000).
"Subclinical Cushing's syndrome in patients with advenal incidentaloma: clinical and
biochemical features.” J Clin Endocrinol Metab 85(4): 1440-8),

[0123] There are multiple reports suggesting that patients with type 2 diabetes have
mncreased levels of plasma cortisol particularly in the period between the nadir in the diurnal
thythm that occurs around midnight and the early morting rise in cortisol. Cameron
(Cameron ef al. (1987), "Hypercortisolism in diabetes mellitus,” Diabetes Care 10(5): 662-4)
reporied that while the 24-hour cortisol levels were greater at all time points in patients with
diabetes than non-diabetics, the largest difference was at 8 am. This study also examined
cortisol levels in diabetic patients following a dexamethasone suppression test. Following
ingestion of 1 mg dexamethasone, cortisol levels remained significantly elevated in the early
morning in the diabetic patients but not in the controls. Similarly, night time (Lentle and
Thomas (1964). "Adrenal Function And The Complications Of Diabetes Mellitus." Lancer
14: 544-9; Vakov (1984). "English translation of Circadian thythm of cortisol secretion in
diabetes mellitus patients.") and early morming (Lee et al. (1999). "Plasma insulin, growth
hormone, cortisol, and central obesity among young Chinese type 2 diabetic patients.”
Diabetes Care 22(9): 1450-7) cortisol levels were higher in patients with type 2 diabetes than
controls.

10124]  As cortisol will increase blood pressure and plasma glucose, the relationship
between these parameters and cortisol in patients with type 2 diabetes has been studied. One
study reported that, in patients with type 2 diabetes, there is a greater disturbance of the
cortisol diurnal rhythm in those patients with hypertension compared to normotensive
diabetics (Kostic and Secen (1997). "Circadian rhythm of blood pressure and daily hormonal
variations” Med Pregl 50(1-2): 37-40). One study reported that maturity onset, slightly
overweight, non-insulin requiring diabetic patients had higher cortisol levels than non-
diabetics and that diabetic patients had a clear diurnal glocose rhythm and their peak glucose
coincided with the peak cortisol (Faiman and Moofhouse (1967). "Diurnal variation in the
levels of glucose and related substances in healthy and diabetic subjects during starvation."
Clin Sei 32(1): 111-26). Similarly, another study reported a strong correlation (r = 0.82; p<
0.01) between cortisol and glucose concentrations at 8:00 am in patients with type 2 diabetes
(Atiea ef al. (1992). "The dawn phenomenon and diabetes control in treated NIDDM and
IDDM patients." Diabetes Res Clin Pract 16(3): 183-90). One study found an increase in the

6 am cortisol levels in relatively lean type 2 diabetic patients and a correlation (= 0.55; p<
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proof, these results demonstrate for the first time that this enantiomer is

surprisingly more effective as an anti-fungal agent than the racemate

and/or 2R,4S enantiomer against a variety of fungi, including Issatchenlda

BitbeEssachenkia orientalis, Cryptococcus neoformanst Cakaigeoe0ozs

tropicalis, Candida parapsilosis, Candida guilliermondii, and Candida
0.0a)1ebrspar sentainrsivelinsdtierent, dhsbve ermimtictientthegsreshy tracer
ginRventompvides armethedder tegling aflingaldnfection of Qne pkihese oran
.l_fung?or strains_gg%iungi by adr%gnis ering a ther?bepﬁcaﬁ%fqufaectlve amount.
iy SRS at elnecal ESRFOSTBI O AE 2&mR idsist dridsconrbbéesh ase(6):
Bizepstpntially free of the 2R,4S enantiorner. 4. Safety Pharmacology

46]The inhibitory potential of D1Q- on CYP3A inhibitory activity has
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. i ingn n lish bstrate for the CYRP3A4

e L L e

ANpoppivssdya thsipetnk tifewiieorniansisicioifmtacinastngy reported that

ACEhysroxalioniRy LR 3tisnde e themaion etaheliewnathway ,7Riegs).
.. Metaly Dispos 30(12);, 1368-71). Activity of D10-902 Towards the o
IR RS S AhirE et iE A skhar kBRI REBep fewp Snaen-insulin-
dep@uienh éi 3GRM"| CHERaCYFZAS QEiGjne 20uM IC50 14.M p.M pm

10126}  In contrast to these predominantly positive correlative data, another study (Seric ef
al. (1968). "Plasma cortisol response to insulin and circadian rhythm in diabetic subjects.”
Diabetes 17(3): 124-6) reported normal plasma levels of cortisol in patients diabetes. These
patients had quite mild diabetes as their glucose was controlled solely by diet. Similarly
another study (with a smaller number of individuals) did not find an increase in levels of
circulating cortisol in patients with type 2 diabetes (Kerstens ef al, (2000). "Lack of
relationship between 11beta-hydroxysteroid dehydrogenase setpoint and insulin sensitivity in
the basal state and after 24h of insulin infusion in healthy subjects and type 2 diabetic
patients." Clin Endocrinol (Oxf) 52(4); 403-11).

[0127] Pharmacological intervention to reduce plasma cortisol has proved effective in
treating diabetes, hypertension and dyslipidemia in patients with Cushing’s syndrome. Sonino
reported on 34 patients with Cushing’s syndrome who had their hypercortisolemia reduced by
ketoconazole at doses between 400 and 800 mg/day (Sonino ef al. 1991 supra). Three
patients that were hyperglycemic but not on any diabetes medications became euglycemic; of
three other hyperglycemic patients that were on diabetes medications, one was able to
discontinue the drug and the other two were able to reduce use of their hypoglycemic
medications. Similar results have been reported by Winguist (Winquist et al, 1995,

"Ketooonazole in the management of paraneoplastic Cushing’s syndrome secondary to
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racemate 0.27 0.12 0.38 2R, 4S 0.37 0.14 0.40 2S,4R (DIO- 902) 0.29

0.10 0.71 HLM: human liver microsomes [0147]The scientific literature

reports the inhibitory activity of the 2S,4R enantiomer on Cytochome P450

Wﬁiﬁi%ﬂzﬁﬁe study (Rotstein et al. 1992, supra) evaluated thd/iHipHeR4P26

activity of the two ketoconazole enantiomers (2S,4R and 2R,4S
ectm@@nme)cmaimm@mmmaﬁmmgestarﬂqeﬂamemm@m

I .

M e e S R
19%he R RIMIP 6f EVPERY (%iﬁsei@-wﬁbmr%@mﬁswnamw@wertenswe
tredBSETIAKEIQEADIAEIR AS FRPDISE by (SWHRNeY:A20y SPeificallyidnes a(6):

0 for the inhibition of progesterone 613-hydroxylase metabolism in rat
% atic microsomes was 1.4 p.M. Due to the similar 1050 for CYP450 3A4

[01E#ibitidthdonthel 28 4Rednaliiiom esrdnd saadrc ketatoriazaleydhied in patients
..potential.for dru lism interacti for, these two compaunds,is .
A S USIL0E A LETE DR R o
of etsntianddrOxo062ddioanseiamiitie i ficprifile:dbtnadnimisteresion of

corfEbO Hrauaan b tian QTLdrug SXCIRHAR 18, SIgcRMNIEAEE: a1, (1990).

compared to that of the other enantiomer. o _
"Early morning hyperglycaemia "dawn phenomenon” in non-insulin dependent diabetes

mellitus (NIDDM): effects of cortisol suppression by metyrapone." Diabetes Res 14(4): 181-
5) used metyrapone to suppress the normal early morning rise in cortisol and reported that
this intervention prevented the normal rise in glucose that oceurs over this time period. One
study suppressed endogenous cortisol synthesis in patients with type 1 diabetes using
metyrapone and then infused cortisol to either mimic the normal nocturnal rise in cortisol or
to produce a lower basal level of cortisol. In the patients with a “suppressed” cortisol profile,
there was a significantly lower rate of glucose production (Dinneen et al. (1995). "Effects of
the normal nocturnal rise in cortisol on carbohydrate and fat metabolism in IDDM." 4m J
Physiol 268(4 Pt 1}: B595-603). Carbenoxolone inhibits the activity of both HSD1 and HSD2
and so lowers the exposure of liver and fat to cortisol. Another study treated both normal
volunteers and patients with type 2 diabetes for 7 days with carbenoxclone (Andrews et al.
(2003). "Effects of the 11 beta-hydroxysteroid dehydrogenase inhibitor carbenoxclone on
msulin sensitivity in men with type 2 diabetes.” J Clin Endocrinol Metab 88(1): 285-91). The
patients with type 2 diabetes {(but not the normal volunteers) demonstrated a decrease in
glucose production rate during a euglycemic hyperinsulinemic hyperglucagonemic clamp.
Racemic ketoconazole has also been tested in patients with type 2 diabetes. These trials are
consistent with the conclusion that therapeutic use of this drug to suppress cortisol synthesis
can have beneficial effects on glucose, blood pressure and cholesterol in patients with type 2
diabetes. While there may be an increase in cortisol levels or activity in patients with type 2
diabetes, therapeutic benefit can be obtained by a further reduction in cortisol levels or
acitivity even in patients with normal cortisol levels or activity.

[0129] While therapeutic use of racemic ketoconazole in patients with type 2 diabetes has
produced encouraging results, DIO-902 will be both more efficacious and safer. DIO-902
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[01481In regards to activity of the P450 enzyme, CYP7A (cholesterol 7a
hydroxylase), the results, shown in the Table below, demonstrate that the
IC50 of the 2S,4R enantiomer is approximately 12-fold higher than the
YEEHUItHEM R 4S enantiomer. CYP7A is relevant to the issUREBEBRUg/000026
interaction, because this enzyme controls bile formation, and thus, the
has exqosirentibydougs 10at lavenbiimally etegnedivieottisobignihesysiiéIditeydabxylase)
and IBSLERAONS, oL WO, 2000/07 ARRIECTIRA000/000026 egiserl bl

otilation own racemic ketoconazole in
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IR ha—Q. droxylase.” J Clin Invest 78(4): 1064-71; Gaeta and Tripodi

’ TR oconazole impairs biliary excretory function in the isolated
[01 M rfusEdrtariiver TRRGN T Schiiig dedieng€ Arich BHAIHREA (B3 (6.4 microM)

ﬂaax@@%‘s?ﬁ’x@biﬁ%ﬂ%ﬁt%%&ﬂﬁﬁgg%%rglizﬁ%i ?ﬁ&&?&ﬂ'&pﬁﬁ gllie}t é%rg?é he

harmacolcinetics of a drug ) that is norma ar
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rd CYP7A. As a consequence of this reduced inhibition of dru
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potealy osic e Ties Sy GRS W Ch LA AR eRgE e kTt
ketosepetided it e dormp AERTH tiddthenenahtioinetioDIObezraoarpie:d to

| iome, f. titute.ketoconazale. P450 ..
s B PR i Rpgigp of O
902 ShprarsaBetrarerasdarimBAssociated P450 IC50 (i.iM)  25,4R (D10-

[01892) 2R 4B IAIRRIREI e associated glucocorticoid activity with insulin resistance,
hyperglycemia and increased adiposity, and clinical studies support the rationale for using
cortisol synthesis inhibitors such as ketoconazole as therapeutic options in patients with type
2 diabetes. Preclinical studies indicate that DIO-902 is safer and more efficacious than

racemic ketoconazole,

C. Physical, Chemical, and Pharmaceutical Properties of an Hlustrative

Pharmaceutical Formulation of the Invention — DIO 902

[0132] DIO-502 is the single enantiomer 25 4R ketoconazole and is derived from racemic
ketoconazole. It is formulated using cellulose, lactose, cornstarch, colloidal silicon dioxide
and magnesium stearate as an immediate release 200 mg strength tablet. The chemical name
is 25,4R cis-1-acetyl-4-[4-{[2~(2,4-dichloropheny))-2-(1H-imidazo}-1-ylmethyl)-1,3-
dioxolan-4-yl] methoxyl]phenyl] piperazine, the formula is CogHasClN4Os, and the
molecular weight is 531.44. The CAS number is 65277-42-1, and the structural formula is

provided below. The chiral centers are at the carbon atoms 2 and 4 as marked.
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2a hydroxylase 2C11 104 84 Progesterone 613 hydroxylase 3A 1.3 0.79
Progesterone 16a hydroxylase 2B1, 2B2, 1A1, 2C11, 3A 84 69

Progesterone 21 hydroxylase 2C6 9.0 11.2
WO 2006/072881 PCT/IB2006/000026

[0133] Ketoconazole is an imidazole-containing fimgistatic compound. DIO-902 is an

immediate release tablet to be taken orally and formulated as shown in the table below.

Component Percentage
28,4R ketoconazole; 50%
DIG-902

Silicified Microcrystalline Cellulose, NF 16.5
(Prosolv HD 90}

Lactose Monchydrate, NF (316 Fast-Flo) 224

Corn Starch, NF (STA-Rx) 10
Colloidal Silicon Dioxide, NF (Cab-0-Sil | 0.5

MS5P)

Magnesium Stearate, NF 0.6

The drug product may be stored at room temperature and is anticipated to be stable for at
least 2 years at 25° C and 50% RH. The drug is packaged in blister packs.
D. Non-clinical Studies

1. Overview of Nonclinical Studies

[0134] This section contains pharmacology and toxicology information for both DIO-902
and racemic ketoconazole. Pharmacology studies have included studies conducted to
demonstrate the suppressive effects of DIO-902 on corticosterone synthesis, seram
cholesterol and testosterone levels in rats. The antifungal activity of DIO-902 has also been
investigated in an in vitro study. The toxicology studies with DI0-902 in dogs included a
MTD study, a 7-day study, and a 28-day study (with toxicokinetics). Genotoxicity studies
have also been conducted with DIO-902. Because DIO-902 1is purified from racemic

ketoconazole, the safety of the mixture is relevant to that of DIO-902. Thus, this section
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Laurie acid hydroxylase 4A >100 <100 Cholesterol 7a hydroxylase 7A 2.4
0.195 5. Nonclinical Pharmacolcinetics 10149]The absorption of D10-902
(2S,4R enantiomer) was studied during a 28 day dog toxicology study. In
13 2fedly/ 2% gs were treated orally with D10-902 doses of 2 PEBIRHEF 201026
mg/kg. Serum samples were taken after the 1St and 28th daily dose of the
incln@%, 4 Ruemamtiorfiphafocobmp ars tixi @ pnuref tdoggvimweitp fooeike Summary
Basis BEATUFNEIOSORGAO B 253 8096 9140 IMalkaloay. fof 28ARYSoHIS 408Gt

was administered as planned for the first 9 days of the study; however,

literagjige et BRIy 2 thdad GovrgiRG g Ean#agsdiscontinued after the 9th day, and
animalgo1ihis:graupmaeegeft untreated for the next 5 days (days 10 to
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- duc%g%gg Qgs\éu%eand Day 28 for each D10-902 dose level, indicating

minimal to no accumulation with repeat dosing. No sex differences were
[0136ken i IBIGEOBatetviimisionCt e imidsdiit afiGlotometd
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second of the two Tollowing Tables). [0151]For racemic ketoconazole, the
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doses of racemic ketoconazole, for

Inhibition by DIO-902 of Enzymes that Catalyze Glucocorticol Synthesis

ICsu for

Enzyme ketzisc;)nfgaie 285,4R I%{igr Reference
(DI0O-9623
17a *
hydroxylase 0.91 NAV NAV (Ideyama ef al. 1999%)
' (Rotstein et al. 1992, supra;

17,20 lyase 0.017 0.05 2.38 Tdeyama ef al. 1999)
115 hydroxylase NAV 0.15 0.601 (Rotstein ef al. 1992)
aromatase NAV 110 39.6 (Rotstein et al. 1992)
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comparison purposes, additional data for racemic ketoconazole from
another 28-day toxicity study in dogs was obtained. in this study, dogs
(3/sex/group) were treated with oral doses of 2.5, 10, or 40 mg/kg of
reBeiiKetbcouazole in a powder suspension or 2.5, 10 or 26 FigAesEp0026
racemic ketoconazole in an oil suspension once daily for 28 days.
All IToxieoksneticesBabipl ebowenes WdMﬂWk@lﬁkM%@a\Mﬂﬂk&%W or
r compar t I, ata data
com o B S T R e R e
Hsp W@ﬂ@ﬁ@k@ repattefrom Sm’@r@ﬁ I@mbﬁewsﬁﬁ%a@@mﬂaa tmthwd@b\idé’f
xdsyéa%&eﬂs@?e%h%%/ lues fanR0r3040 5‘&%3’ (AR, é%%?&é dosed:al

kg/day were between 9.94 microg/ml and 9.95 microg/ml (see the
adret@é%ﬁf@@ﬂtﬁ@%@%&ﬁ%ﬁh@%ﬁé@&%ﬁ%&ﬁ%ﬂ@% SfE¥hg/ky

adresRbbagamiarkiiaae Razak/prOURe¢a-Smar)RL T3520t0 9.20 ng/ml (on day
28) and a dose of 40 mg/kg led to a C. of 42.78 to 46.75 ug/m1 (on day

{013 8). In eoRitasliiRiNaksee MAtbHaseMicKEInEANReRIG IR ARRAISRERRkoid
e AUC and C for 25,4R ketoconazole (DlO 902) were not significantly

leveiﬂmé%ﬂﬁ spers ol S dnblpereditestgne [ ipraart Thive ag otweren
deterfidyed ﬁ\ﬁﬂlﬁﬁﬁ%&éﬁ@&ﬂ@i@ﬂ;&ﬁ@@@ﬁﬁi@@%@@ azole (aedle Besonchoh
the twaq followi bles e following Table: *Days of treatment. The
Smgi?&cf%?lo%f@@t@r%\ﬁg Zée% [ﬁ%l a: Data for racemic ketoconazole. b:
Data for racemic ketoconazole. Values represent mean of 3 animals.
Drug dHfss afrhataeqnryeia PareHamess ot diiss tigidrspvels Bsiry.O

Dog (@éﬂi@) 700 ONO-17E0 Q@?’FI BRI Loyely &1@3&%$EM@E"WL} 5.5

75 4R (D10-902) TIRAS Racenmte

0 320494 32094 320+ 9.4

50 1863 14.9 226+ 130.1 213 %207

100 139+ 10.9 196+17.2 210155

200 100x 8.6 217+£258 135+ 13.7

400 B4+11.6 192+ 11.6 1134 6.6

600 80+ 7.8 1672 6.8 1154143
[0138] The following Table presents the data from a study of the time course of

corticosterone inhibition in rates following a single oral 200 mg/kg dose of ketoconazole
enantiomers. Corticosterone levels (mean = SEM; ng/mL) were determined at the indicated
times after oral gavage of the indicated drug at 200 mg/kg. So as to minimize the
confounding effect of the diurnal corticosterone rhythm, all the rats were sacrificed at the
same time of day (1800 hours) and the time of drug administration was determined to allow
this (N = 10/group). The means of the vehicle treated groups are used as the time zero control

point.

Time Course of Corticosterone Inhibition in Rats Following a Single Oral 200 mg/kg Dose
Of Ketoconazole Enantiomers

Time (hours) Corticosteroid Levels (mean + SEM; np/ml)

Vehicle ZS,4R (DEO-902) 2848 Racemate
4 208+15.8 98 10 191414 ' 134 £10
8 374 % 17 116413 206 %13 163 11
12 296+ 21 11348 175 29 153 +14
16 2894 16 13317 171+ 9 13246
20 32336 13612 169 7 147 £ 17
24 341 £24 103 +14 18210 151 +14
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WO 2006/472881 PCT/IB2006/000020

[0139]  The secondary benefits of DIO-902 administration will include reduced LDL and
total cholesterol, reduced visceral adiposity, reduced blood pressure, and antifingal activity.
The mechanism of action for DIO-902 induced cholesterol suppression ag well as
pharmacology studies demonstrating the effects of DIO-902 on serum cholesterol and
testosterone levels in the rat are discussed below.

(01407 Racemic ketoconazole may directly lower cholesterol through inhibition of
lanosterol 14o demethylase activity, and the 28,4R enantiomer has a two fold lower ICsq for
this enzyme than does the other enantiomer (Rotstein ef al. 1992, supra). The cholesterol
lowering activity of the 28,4R enantiomer is expected to be further increased through
diminished inhibition of CYP7A, the principal enzyme conirolling cholesters! catabolism.
Decreased CYP7A activity (in both humans (Pullinger ef ol. (2002). "Human cholesterol
7alpha-hydroxylase (CYP7A1) deficiency has a hypercholesterolemic phenotype.” J Clin
TInvest 110(1): 109-17) and in mice (Brickson ef al. (2003). "Hypercholesterclemia and
changes in lipid and bile acid metabolism in male and female cyp7Al-deficient mice.” J
Lipid Res 44(5): 1001-9) can lead to hypercholesterolemia, and so the suppression of CYP7A
by ketoconazole in humans (Pullinger ef al. 2002, supra) is expected to attenuate the
cholesterol lowering effect of this drug. The single enantiomer 25,4R-ketoconazole is
expected not fo reduce CYP7A activity to the same extent as racemic ketoconazole. One
study demonstrated that the ICsq of 25,4R-ketoconazole (DI0O-902) towards CYP7A (as
measured by cholesterol 7o-hydroxylase activity) is 2.4 pM and the ICsp of 2R,4S5-
ketoconazole is 0,195 pM, providing support that DIO-902 has a 12X greater ICso toward
CYP7A than ZR 45-ketoconazole (Rotstein ef af. 1992, supra).

[0141] A study was conducted to demonstrate the effect of DIO-902 on cholesterol levels
in rats. In this study, male Sprague Dawley rats (10/group) received a single oral {via gastric
tube) dose of 0 or 200 meg/kg of 25,4R-ketoconazole (I210-902), 2R, 45-ketoconazole, or the
racemate, and were sacrificed at 4, 8, 12, 16, 20, and 24 hours post dosing. The results,
reported in the following Table, showed a small decrease in cholesterol levels at 16, 20 and
24 hours afier treatment with the 2S,4R enantiomer but not with the racemate or with the
other enantiomer. Cholesterol levels (mean + SEM; mg/dL} were determined at the indicated
times after oral gavage of the indicated drug at 200 mg/kg. All rats were sacrificed at the
same time of day (1800 hours) and the time of drug administration was determined

appropriately (N = 10/group).
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Effect of Ketoconazole Enantiomers on Serum Cholestercl in Rats

(g;ﬁ;z) Cholesterol levels (mean & SEM; mg/dL)
Vehicle | 25,4R {(D10- 2R, 48 Racemate
902)
4 773 3.9 69.6 1.9 85.1 &7 8124 39
8 73.5 .5 73.5 £3.1 85.1 54 735 £23
12 69.6 £3.5 77.3 3.9 77.3 +1.9 69.6 2.3
16 69.6 +1.9 619 +3.1 77.3 +4.6 69.6 +3.1
20 69.6 =1.9 58 £1.2 69.6 +2.7 65.7 =27
24 65.7 £2.7 61.9 3.1 69.6 £1.5 65.7 £3.9
[0042] Two studies were conducted to investigate the effect of DIO-902 on testosterone

levels in rats. In one study, male Sprague Dawley rats (1 O/group) received a single oral (via
gastric tube) dose of 0, 50, 100, 200, 400, and 600 mg/kg of 28 ,4R-ketoconazole (DIO-902),
2R, 48-ketoconarole, or racemic ketoconazole, and were sacrificed 4 howurs post dosing. In
another study, male Sprague Dawley rats (10/group) received a single oral (via gastric tube)
dose of O or 200 mg/kg of 28,4R-ketoconazole (DI0-902), 2R 4S-ketoconazole, or the
racemate, and were sacrificed at 4, 8, 12, 16, 20, and 24 hours post dosing. The results shown
in the following Tables demonstrate that the 28,4R enantiomer (DIO-902) is more potent at
suppressing lestosterone than is the other enantiomer (2R,4S). For the results shown in the
immediately following Table, testosterone levels (mean & SEM; mmoU/L) were determined
four hours after oral gavage of the indicated drug (N = 10/group). There was a single control

group (dosed with vehicle).

Effect of Ketoconazole Enantiomers on Testosterone in Rats

Dose .
(me/ke) Testosterone levels (mean + SEM; nmol/L)
28 4R (DI0-902) JRAS Racemate
0 2.7+0.5 2.7+0.5 27405
50 2.6 0.7 2.5+0.5 27+0.6
100 0.8 0.3 1.3 0.2 1.7+ 05
200 0.2 0.1 1.4 £0.4 0402
400 0.3+0.1 0.7+ 0.2 04%02
600 0£0 1.6:£0.3 0.8+0.1
{0143} For the resulis shown in the following Table, testosterone levels (mean = SEM;

nmol/L) were determined at the indicated times after oral gavage of the indicated drug at 200
mg/kg. All rals were sacrificed at the same time of day (1800 hours}, and the time of drug
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administration was determined appropriately (N = 10/group). The means of the vehicle
treated groups are used as the time zero control point. Although 28,4R is more potent than
ZR,AS with respect to acute suppression of testosterone, the overall physiological
consequences may be reduced with 28,4R as opposed to 2R,48. As noted in Example 2, the
concentration of the 25,4R enantiomer does not increase with repeated doses. This is contrast
to the concentration of the racemic mixture, which does increase with repeated doses. Thus,
with repeated doses of the racemic mixture, testosterone suppression will become more
marked with time. As also noted in Example 3, the concentration of the racemic mixture 24
hours after taking the drug increases markedly between the first and subsequent doses. Thus
testosterone suppression will last progressively longer during the day in the inter-drng
interval. As the 28 4R enantiomer does not inhibit its own clearance, the period during the

day when testosterone production is suppressed will not get progressively longer,

Time Course of Testosterone Suppression Following a Single Dose (200 mg/kg) of Ketoconazole

Enantiomers in Rats

Time Testosterone levels {mean + SEM; nmol/L)
(hours)
Vehicle 25,48 (DIO- 2R 48 Racemate
902)
4 37+£0.7 0.8+£0.2 3.4 +0.5 1.6 +0.6
8 8914 5.9: 0.8 8.6 2.0 8.0%1.0
12 5.4%1.1 3.4 +£0.5 5.6%1.1 4.6+ 0.6
16 5.6+0.9 3.9+ 06 55+£09 3.8+0.5
20 57+1.0 52+£0.6 524 1.1 56+08
24 5.5+0,9 4.4 40.7 6.0+ 1.0 59405

3. Antifomgal Activity.
[0144] In an in vitro study, both DI0O-902 and 2R, 45-ketoconazole exhibit antifungal
activity as reported in the following Table. In this study, yeast isolates were incubated with
racemic ketoconazole, DIO-902 (28,4R-ketoconazole), 2R,48-ketoconazole, or solvent
(DMSQ) for 48 hours at 36+ 1°C, and the minimum inhibitory concentration (MIC) was
determined. The MIC was defined as the lowest concentration that substantially inhibited
growth of the organism (i.e. that caused a prominent decrease of greater than or equal to 80%

in turbidity compared to that of controls).
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Antifungal Activity of DIO-902
DSM Strain . MIC (mg/T)
Number Orgamism Ketoconazole | 2ZR,485 28,4R (DIO-
902)

11548 Candida albicans <0.015 <0.015 <0.015
11944 Candida albicans <0.015 <0.015 <(.015
11949 Candida albicans 0.125 0.25 0.125
11945 Candida albicans 0.03 0.03 0.03
11943 Candida albicans <0.015 <0.015 <0.015
11225 Candida albicans <0.015 <0.015 <0.015

98-5t-00799 Candida albicans <0.015 <0.015 <015
11950 Candido glabrata 6.25 0.25 0.25
11226 Candida glabrata 0.5 0.5 0.5
11947 Candida guilliermondii 0.125 0.25 0.06
11954 Candida kefyr 0.03 0.03 0.03
05784 Candida parapsilosis 0.03 0.06 0.03
11224 Candida parapsilosis <0.015 0.06 0.03
11952 Candida tropicalis 4 4 2
11953 Candida tropicalis 0.06 0.125 0.06
11951 Candida tropicalis 0.125 0.125 0.06
11960 Cryptococcus neoformans 0.125 0.125 0.125
11959 Cryptococcus neoformans 0.06 0.03 0.03
11956 Issachenkia orientalis 0.25 0.5 0.25
11958 Issatchenkia orientalis 1 2 1
01333 Saccharomyces cerevisiae 0.25 0.25 0.25

01453 While the anti-fungal activity of the 28,4R enantiomer has been asserted without

proof, these resulis demonstrate for the first time that this enantiomer is surprisingly more

effective as an anti-fungal agent than the racemate and/or 2R,4S enantiomer against a variety

of fungi, including Issatchenkia orientalis, Issachenkia ovientalis, Cryptococcus negformans,

Candida tropicalis, Candida parapsilosis, Candida guilliermondii, and Candida albicans, or

gertain strains thereof, In one embodiment, the present invention provides a method for

treating a fungal infection of one of these fungi or strains of fungi by administering a

therapeutically effective amount of a pharmaceutical composition of the 25,4R enantiomer of

ketoconazole substantially free of the 2R,45 enantiomer.

4. Safety Pharmacology
[6146] The inhibitory potential of DIG-902 on CYP3A inhibitory activity has been
studied. In this study, DIO-902 and the 2R,4S ketoconazole enantiomer were shown to have

ICsp values that were comparable to each other and to the racemic mixture although there was
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be a small (2X) increase in the I[Csy of the 28,4R-enantiomer toward CYP3AS. DIG-902
(0.005-50 pM for CYP3A4 and 0.01-100 pM for CYP3AS) was added to microsomes
prepared from human liver or to recombinant 3A4 and 3A35. As a positive confrol and as a
comparator, the activities of the other enantiomer (2R,48) and the racemic mixture were also
determined. The substrate used in these experiments was quinons, an. established substrate for
the CYP3A4 and CYP3AS (Mirghani ef al. (2002). "Enzyme kinetics for the formation of 3-
hydroxyquinine and three new metabolites of quinine in vitro; 3-hydroxylation by CYP3A4 is
indeed the major metabolic pathway.” Drug Metab Dispos 30(12): 1368-71).

Activity of DIO-902 Towards the Hydroxylation of Quinine

HLM pool rCYP3A4 rCYP3AS
Quinine 160pM ICso Quinine 30pM 1Cs Quinine 20pM ICso
pM pM pM
racemate 0.27 0.12 (.38
2R, 48 0.37 0.14 0.40
28,4R (DIO-
902) 0.29 0.10 0.71

HIM: human liver microsomes
[0147] The scientific literature reports the inhibitory activity of the 28,4R enantiomer on

Cytochome P450 Inhibition. One study (Rotstein ez af. 1992, supra) evaluated the inhibitory
activity of the two ketoconazole enantiomers (25,4R and 2R, 48 ketoconazole) toward the
hydroxylation of progesterone, lauric acid, and cholestercl which are markers for various
P450 enzymes. The ICso of the 28,4R enantiomer was slightly greater than that of 2R, 48, The
ICs, for the inhibition of CYP3A4 (via 6f-hydroxylase) was similar to that of racemic
ketoconazole as reported by Swinney, 1990. Specifically, the ICsp for the inhibition of
progesterone 63-hydroxylase metabolism in rat hepatic microsomes was 1.4 pM. Due to the
similar ICs for CYP450 3A4 inhibition for the 25,4R enantiomer and racemic ketoconazole,
the potential for drug metabolism interactions for these two compounds is expected to be
similar. However as noted below and in Example 2, the potential for DIGC-902 to cause a
change in PK. profile of an administered drug through an inhibition of drug excretion is
signicantly reduced compared to that of the other enantiomer.

[0148] In regards to activity of the P450 enzyme, CYP7A (cholesterol 7o hydroxylase),
the results, shown in the Table below, demonstrate that the ICsg of the 25,4R enantiomer is
approximately 12-fold higher than the ICsp of the 2R,4S enantiomer. CYP7A is relevant to
the issue of drug interaction, because this enzyme controls bile formation, and thus, the

exposure to drugs that are normally cleared via the bile may be altered under conditions of
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reduced bile formation and flow. I has been shown that racemic ketoconazole inhibits bile
formation through inhibition of CYP7A. Racemic ketoconazole has been shown to reduce
bile flow and the clearance of endogenous metabolites (cholesterof) and xenobiotics
{bromosulphopthalein) into the bile (Princen et al. (1986). "Wetoconazole blocks bile acid
synthesis in hepatocyte monolayer cultures and in vivo in rat by inhibiting cholesterol 7
alpha-hydroxylase.” J Clin Invest 78(4): 1064-71; Gaeta and Tripodi (1987). "Ketoconazole
fmpairs biliary excretory function in the isolated perfused rat liver.” Naunyn Schmiedebergs
Arch Pharmacol 335(6): 697-700). That the 28,4R. enantiomer has a reduced impact on the
pharmacokinetics of a .dru,g (ketoconazole) that is normally cleared via the bile may due to
the observation that the ICs of the 25,4R enantiomer is approximately 12-fold higher than
the ICsq of the 2R,4S enantiomer toward CYP7A. As a consequence of this reduced inhibition
of drug clearance, the 25,4R enantiomer will significantly decrease the risk of hepatic
darnage as compared to the other enantiomer or to the racemic mixture of the two

enantiomers that constitute ketoconazole.

P450 inhibitory activity of the ketoconazole enantiomers (Rotstein et al. 1992, supra)

. ICsp
Substrate Reaction As;‘fgfed 75,4R (DIO- G0
2R A48
902)
Progesterone 2¢ hydroxylase 2C11 104 84
Progesterone 6 hydroxylase 3A 1.3 0.79
2B1, ZB2,
Progesterone 160 hydroxylase 1A1, 2C11, 84 (Y
3A
Progesterone 21 hydroxylase 2C6 9.0 11.2
Lauric acid hydroxylase 4A >100 <100
Cholesterol 7o hydroxylase TA 24 0.195

5. Nonclinical Pharmacokinetics
[6149] The absorption of DIO-902 (28,4R enantiomer) was studied during a 28 day dog
toxicology study. In this study, dogs were treated orally with DIO-902 doses of 2, 6.5, and 20
mg/kg. Serum samples were taken after the 1% and 28" daily dose of the 2S,4R enantiomer.
For comparison, a group of dogs were to receive racemic ketoconazole at a dose of 40
meg/kg/day for 28 days. This dose was administered as planned for the first 9 days of the
study; however, due to toxicity, the 40 mg/kg dose was discontinued after the 9™ day, and

animals in this group were left untreated for the next 5 days (days 10 to 14}. Beginning on
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study day 15 and continuing through study day 28, animals were treated with 20 mg/kg of
ketoconazole. Toxicokinetic parameters are summarized in the Tables below.

10150] The plasma levels in the dogs dosed with DIO-902 at 2 mg/kg/day were below
detection for most of the 24 hour profile. Thus, an accurate AUC could not be calculated for
this dose. Where AUC was calculated, it was based on the values that were above the limit of
detection aver the time period from 0 to 12 hours post dosing (see Table below). As such, the
AUC from the 2 mg/kg dose cannot reliably be compared with that of the other dose levels.
The AUC and Cpy values at 2, 6.5, and 20 mg/kg were comparable between Day 1 and Day
28 for each DIO-902 dose level, indicating minimal to no accumulation with repeat dosing.
Mo sex differences were seen in DIO-902 treated animals. Crey and AUC levels in animals
treated with 2 mg/kg or 6.5 mg/kg DIO-902 were approximately proportional to dose. At the
6.5 and 20 mg/kg dose levels, the increase in AUC and C,y levels were increased more than
that of the increase in dose. Tiax values ranged from 1 to 8 hours on Day 1 and 1 to 12 hours
on Day 28 (see the second of the two following Tables}).

[6151] For racemic ketoconazole, the AUC and plasma drug levels on Day 28 were
notably lower than that seen on Day 1 due to the inferruption in dosing and the reduced dose
ievels administered. However, both the AUC and Cpy values are decreased more than the
decrease in dose from Day 1 to Day 28. Thus, Day 1 and Day 28 data for racemic
ketoconazole cannot be reliably compared. When comparing the Day 1 data for the
ketoconazole 40 mg/kg dose with that of the 20 mg/kg dose for DIO-902, the AUC and Crax
values in the animals treated with racemic ketoconazole are approximately double that of the
animals treated with 20 mg/kg of DIO-902. On Day 28, the AUC and Cyy; values from the
animals treated with 20 mg/ke of racemic ketoconazole were substantially lower than that of
animals freated with 20 mg/kg of DIO-902.

[0152] Due to the issues discussed above with the doses of racemic ketoconazole, for
comparison purposes, additional data for racemic ketoconazole from another 28-day toxicity
study in dogs was obtained. In this study, dogs (3/sex/group) were treated with oral doses of
2.5, 10, or 40 mg/kg of racemic ketoconazole in a powder suspension or 2.5, 10 or 40 mg/kg
of racemic ketoconazole in an oil suspension once daily for 28 days. Toxicokinetic samples
were collected on Day 1 and during Weeks 2 and 4. For comparison with the current data,
Day 1 and Day 28 data are presented from the administered ketoconazele powder suspension
(10 and 40 mg/kg). Data from the oil suspension was similar to the powder suspension. The
Chnex values for DIO-902 on day 28 for dogs dosed at 20mg/kg/day were between .94

microg/mi and 9.95 microg/ml (see the second of the two following Tables). For comparison,
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a dose of 10mg/kg of racemic ketoconazole produced a Cypy 0f 7.52 to 9.20 pg/ml (on day
28) and a dose of 40 mg/kg led t0 a Cipy 0F 42.78 t0 46.75 pg/ml (on day 28). In contrast to
that seen with racemic ketoconazole, it is apparent that the AUC and Cyy for 25,4R
ketoconazole (DIO-902) were not significantly different on day 28 as compared to day 1. A
significant increase between day 1 and day 28 was noted for racemic ketoconazole (see the
second of the two following Tables). For the following Table: ¥Days of treatment. The Hmit
of detection was 0.25 pg/ml. a; Data for racemic ketoconazole, b: Data for racemic

ketoconazole. Values represent mean of 3 animals.
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Toxicolcinetics of DIO-902 in Dogs following Single and Repeat Oral

Dosing Drug Dose (mg/kg) Days of treatment Sex M F ADC@ 12)
(p.g.h/mL) 2.39* 2.57* Cmax (gg/mL) 0.51 0.45 Tmax Range (hour) 1-2

N 2006/072881 PCT/IB2E06/060026

Toxicokinetics of DI0-902 in Dogs following Single and Repeat Oral Dosing

Drug Dose Days of Sex AUCg1p Cmax Tmax Range
{mg/kg) treatment {ug./ml} {pg/ml) (hour)
M 2.39% 8.51 1-2
DIO-902 2 ! F 2 57% 0.45 2.4
M 326 .68 1-4
2 28 B 2.76* 0.75 1-8
6.5 1 M 12.23%* 2.00 1-4
) F 4.70% 2.57 2-4
M 14.65 2.61 1-8
6.5 28 ¥ 12.86 241 2.8
20 1 M 60.5% 9.38 1-4
F 80.6%% 14.66 4-8
M 80.00 894 2-4
20 28 ¥ 77.85 9.95 8-12
Racernic 40 i M 142.86G 16.63 3
ketoconazole® b3 18541 21.28 4-8
M 3.42% 0.51 1-8
20 28 F 4.70% 0.55 2.8
Racemic M 9.01 1.43 2-4
ketoconazole” 10 ! F 6.73 1.58 1-8
M 44 15 9.28 1-2
10 8 F 1311 752 | 12
40 1 M 179,82 23.32 2.4
F 42 .94 6.23 2-12
M 542.28 46.75 8
F 639,19 42.78 4.8

For the preceding Table, the data provided in the first of the two preceding Tables were used
to derive AUC and Cmax values on the first day of dosing and again after 28 daily days of
dosing. Values represent mean of 3 animals. * n=1, **n=2. a: Data for racemic ketoconazole.

b: Data for racemic ketoconazole. AUC data is for 0-24 h.

6. Repeat Dose Toxicity of DIO-902
[6153] The toxicity of DIG-902 has been investigated in dogs in & maximum tolerated
dose study, a 7-day study, and a 28-day study in dogs. The MTD investigation and 7-day
study wers conducted as separate phases of a single study.
[0154] In a GLP maximum tolerated dose study, Beagle dogs (2/sex) were treated orally
(capsule) with ascending doses (20, 40, 60 and 80 mg/kg) of the 25,4R enantiomer. As a
control, a separate set of 2 male and 2 female dogs was treated with vehicle. Animals were
treated with each dose for three days before ascending to the next higher dose. There were no
deaths during the ascending phase. Clinical signs were noted at 40 mg/kg (vomiting). At
higher doses head shaking, tremors, salivation, colored wrine and liquid feces were noted. The

80 mg/kg dose was abandoned on welfare grounds. Food intake and weight gain was reduced

at all doses.
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[0155] After the end of the MTD study, the 4 animals that were treated with vehicle were
treated orally (capsule) with 40 mg/kg of the enantiomer for 7 days. No control group was
incuded. All animals survived to scheduled sacrifice. During the fixed dose (7 days at 40
mg/kg/day), one dog was noted as being thin, and one dog was noted as having tears, There
were no post-dosing observations. Food consumption by all four animals was reduced and all
four lost weight over the seven day study period. Hematological analysis suggested a
decrease in reticulocytes (absolute and relative) in one dog and a 20% reduction in total white
cell numbers. The mean ALT levels in the treated dogs increased by less than two fold
compared to the mean determined prior to dosing. There was no significant change in any of
the other liver enzymes measures. Macroscopic findings at necropsy were limited to areas of
GI irritation. There may have been an increase in the weights of liver and kidney, but in the
absence of a concurrent control, this could not be concluded with confidence.

[0156] In a 28 day GLP study, beagle dogs (3/sex/group) received daily oral 25,4R.
enantiomer doses of doses of 0 (placebo), 2, 6.5, or 20 mg/kg. A separate control group
(3/sex) was included and treated orally with racemic ketoconazole at an initial dose of 40
me/kg/day. At 40 mg/kg of racemic ketoconazole, significant body weight losses (up to
17.3%) led to cessation of dosing afier 9 days. The dogs in this group (3/sex) were taken off
drug for 6 days and then restarted at 20 mg/kg/day. The toxicokinetic profile taken at 28 days
indicated that the Cpax of racemic ketoconazole on day 28 was less than 5% of that
determined on day 1. Thus, for data comparison, this group cannot be used with confidence
as a comparator, Unless otherwise noted below, all further references to drugs and doses in
this study will refer to the single enantiomer 25,4R.

[0157} Toxicokinetic data indicated that DIO-902 was systemically absorbed. Ata 2
mg/kg DIC-992 dose level, the plasma drug levels were below the limit of detection at many
of the timepoints between 1 and 12 hours post dosing. Thus, AUC was caloulated using data
from timepoints were plasma drug levels were above the limit of detection. For each dose, no
sex differences were observed and no accumulation occurred over the 28 days of dosing.
{6158] The dogs dosed with DI0-902 at 20 mg/kg/day ate approximately 25-35% less
food than those in the placebo control group. The dogs dosed at 20 mg/kg/day gained 0.25 kg
(males) and 0.14 kg (females) compared to the placebo treated dogs that gained 1.1 kg
(males) and 0.9kg (females) in body weight. The trends indicate that most of the effects on
body weight were in the first two weeks of the study and that at the end of the study the dogs
dosed at 20 mg/kg/day were gaining weight at a rate similar to the placebo control group.
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Food intake also increased in the 20 mg/kg/day group although still below the placebo control
group. At the intermediate doses there were no obvious effects on food intake or weight gain.
101597 There were no measurable effects of DIO-902 at these doses on any of the
ophthalmological or electrocardiographic parameters that were measured. Specifically in the
dogs treated with DIO-902 at 20 mg/kg/day, there was no obvious QTc prolongation. There
were no hematological changes noted. There was no change in the urinalysis. The only
change in any serum chemistry measures was a reduction in cholesterol. There were frends of
decrease in the kidney weights in the female dogs and trends of an increase in the relative
(but not absolute)} weights of the liver and adrenals in male and females. There were no

remarkable microscopic findings at any dose.

7. Other Toxicity Testing
[01 60} No reproductive toxicology studies have been conducted with DIO-902; however,
the reproductive toxicity of racemic ketoconazole has been extensively investigated studied.
[0161]} DIO-902 was found to be negative for genotoxicity in an Ames assay and in the
mouse lymphoma assay. In the Ames assay, DIO-902 was assayed with respect to mutation
induction in five different histidine requiring strains of Salmonella typhimurium, Exposure to
the DIO-902 produced no dose related and repeatable increase in revertant numbers. In the
lymphoma assay, DIO-902 (with and without S-9 activation) was studied with respect to the
induction of mutations at the thymidine kinase locus in mouse L5178Y lymphoma cells.
DIO-902 did not reproducibly or meaningfully induce mutation at the TK locus in three
independent experiments in the absence of 8-9 and two independent experiments in the
presence of S-9 when tested up to toxic doses.
10162] Carcinogenicity studies have not been conducted with DIO-902. Racemic
ketoconazole has been found to be nen-carcinogenic (SBA for NDA 18-533).
10163] Administration of the 28,4R enantiomer substantially free of the 2R, 45
enantiomer is expected to reduce the risk of hepatic reactions sometimes seen following
administration of racemic ketoconazole (Stricker et al. (1986). "Ketoconazole-associated
hepatic injury. A clinicopathological study of 55 cases.” J Hepatol 3(3): 399-406; Lake-
Bakaar et al. (1987). "Hepatic reactions associated with ketoconazole in the United
Kingdom." Br Med J (Clin Res Ed) 294{6569): 419-22; Van Cauteren et al. (1950). "Safety
aspects of oral antifingal agents.” Br J Clin Pract Suppl 71: 47-9; and Rodriguez and Acosta
(1997). *Metabolism of ketoconazole and deacetylated ketoconazole by rat hepatic

microsomes and flavin-containing monooxygenases." Drug Metab Dispos 25(6). 772-7}.
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Ketoconazole induced hepatic reactions are usually described as idiosyneratic (Stricker et al.
1986, supra) implying that the underlying mechanism(s) are not known. It has been
demonstrated that racemic ketoconazole inhibits bile formation in rats through inhibition of
CYP7A (Princen et al. 1986, supra). Racemic ketoconazole has been showi to inkibit human
CYPTA (Rotstein ef al. 1992, supra), reduce bile acid synthesis by hurman hepatocytes
(Princen et al. 1986, supra), and inhibit bile acid production (Miettinen 1988, supra) in
treated patients. We believe that a key component of ketoconazole induced hepatotoxicity is
the inhibition of CYP7A. Because DIO-902 has a 12X higher 1Cs toward CYPTA (IC5y=2.4
uM) than does the other enantiomer 2R, 48 (Csg = 0.195 uM) and does not undergo the time
dependent increase in drug concentration seen for the racemate, DIO-902 will be associated
with a significantly lower incidence of liver reactions. The two effects should be interactive;
that is, the racemate will accumulate more than DIO-902, and the higher drug acoumulation
of the racemate will lead to an even greater relative inhibitory effect on CYP7A than is
implied from the cell free assays. The relevant drug concentrations attained in humans, the
relative levels in plasma of the two enantiomers, and the relative ICsy values are consistent

with this expectation.

E. Pharmacokinetics of DI0-902 in Humans

[0164] No clinical trials have yet been conducted with DIC-902. However the
pharmacokinetic profile of the individual enantiomers following the first and the fifth 200 mg
dose of racemic ketoconazole {doses given every twelve hours) have been presented in poster
form (Gerber (2003). "Stereoselective pharmacokinstics (PK) of oral ketoconazele (K) in
healthy subjects."” ACAAY poster). The pharmacokinetic data are summarized in the
following Table. The exposure to DIO-902, 28 4R enantiomer, is approximately 2.5 fold that
of the 2R,4S enantiomer. It is not clear if this results from a difference in bioavailability or
clearance. After five doses, the AUC and the Cmax increase for both enantiomers. As
exposure to the 2R,4S enantiomer could alter the clearance of both 2S,4R and 2R,4S
enantiomers, this result is not necessarily at variance with the pharmacokinetic data obtained
from preclinical results obtained in dogs dosed with DI(-902, the singie enantiomer.
Pharmacokinetic Data (Gerber 2003, supra)
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Racemic ketoconazole 40 M F 142.80 185.41 16.63 21.28 84-8 2028 M
F 3.42* 4.70* 0.51 0.55

WO 2006/072881 PCT/IB2006/000026
Following first dose Following fifth dose
DIG-902; 2R, 48 DIO-902; 2R, 48
28,4R 28,4R
AUCO-12 302 +/- 38 820+/- 142 538 +- 74 1543 +/- 231
{ng*min/ml.)
T % (minutes) 133 +/- 14 97 +/- 8 217 +- 30 158 +/- 19
Crnex pg/mbL 1.06 +/- 0.13 3.4 +/-0.44 1.53 +/- 0.19 477 +-0.55
F. Idigsyncratic Liver Reactions in Humans

[0165] The idiosyneratic liver reactions to racemic ketoconazole have been described
(Stricker er al. 1986, supra). The description of these responses as being idiosyncratic implies
that there is no clear understanding of the mechanism(s). Any coherent mechanistic
explanation shounld encompass the asymptomatic increase in liver enzymes that occurs within
a short period of time in 1-10% of treated patients following first exposure, as well as the
relatively infrequent incidence of more severe responses. There is no consistent evidence
linking ketoconazole to immune mediated mechanisms.

[6166]  Although no relationship between dose and hepatotoxicity in humans has been
described, there is a clear correlation between AUC and liver damage in rabbits (Ma ef al.
{2003). "Hepatotoxicity and toxicokinetics of ketoconazole in rabbits.” Acta Pharmacol Sin
24(8): 778-82). These authors reported that, in rabbits, 40 mg/kg ketoconazole induced
morphological changes in hepatocytes and an increase in serum liver enzymes. This dose is
comparable to the highest dose tested in a one year dog study. Acute in vitro hepatoxicity was
studied by others (Rodriguez and Acosta 1997, supra, and Rodriguez and Acosta {1997). "N-
deacetyl ketoconazole-induced hepatotoxicity in a primary culture system of rat hepatocytes.”
Toxicology 117(2-3): 123-31). In these studies, rat hepatocytes were cultured in the presence
of increasing doses of ketoconazole (up to 200 microM) for times that ranged from 0.5 hour
to 4 hours. These anthors found that there was both a dose and time component to the release
of lactate dehydrogenase (L.DH). At the Jongest time exposure studied (four hours), there was
no detectable effect of ketoconazole at concentrations below 75 microM (39 pg/mL). There is
also a suggestion from preclinical animal models that the metabolites of ketoconazole
(specifically deacetylated ketoconazole (DAK)) is a more potent mitochondrial inhibitor than
ketoconazole (Rodriguez and Acosta (1996). "Inhibition of mitochondrial function in isolated
rat liver mitochondria by azole antifungals.” J Biochem Toxicol 11(3): 127-31). The in vitro
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1Cso for DAK inhibition of succinate dehydrogenase is 350 microM {in comparison to the
Croax of immetabolized ketoconazole of 12.3 microM following a 400 mg dose in huwmans
(Huang et al. (1986). "Pharmacokinetics and dose proportionality of ketoconazole in normal
volumteers." Antimicrob Agents Chemother 30(2): 206-10) It is possible that these and related
direct effects of ketoconazole (and the metabolites) could lead fo an idiosyncratic reaction if
there were patients that were significantly more susceptibie than the general population.
[0167]  Material provided here and in Example 2 indicate that a key component of
ketoconazele induced hepatotoxicity is the inhibition of CYP7A. Because DIO-902 has a
123 higher ICs toward CYP7A. (ICso = 2.4 microM) than does the other enantiomer 2R,45
(ICso = 0.195 microM) (Rotstein ef al. 1992, supra) and does not undergo the time dependent
increase in drug concentration seen for the racemate, DIO-902 will be associated with a
significantly lower incidence of liver reactions. As noted above, the two effects will be
interactive; that is the racemate will accumulate more than DIO-902 and the higher drug
accurnulation of the racemate will lead to an even greater relative inhibitory effect on CYP7A
than is implied from the cell free assays. The inhibition of CYP7A by racemic ketoconazole
may cause a hepatic reaction indirectly through reduced bile acid synthesis and the
consequent reduction in bile flow and increase in potentially toxic metabolites. Ketoconazole
may further exacerbate this process by directly increasing the level of potentially hepatotoxic
oxysterols.

[0168] Racemic ketoconazole inhibits bile formation in rats threugh inhibition of CYP7A
(Princen et al. 1986, supra) (bile synthesis is blocked when cholestercl is used as a substrate
but not when 7a-cholesterol is used as a substrate). The inhibition of bile acid synthesis by
ketoconazole is a direct effect on hepatocytes (Whiting et al. (1989). "Bile acid synthesis and
secretion by rabbit hepatocytes in primary monolayer culture: comparison with rat
hepatocytes." Biochim Biophys Acta 1001(2): 176-84). Bile flow is also reduced by
ketoconazole and the clearance of endogenous metabolites {cholesterol) (Princen et al. 1986,
supra) and xenobiotics ((bromosulphopthalein (Gaeta and Tripodi 1987, supra)) into the bile
is reduced. As ketoconazole is excreted into the bile, it would be anticipated that
ketoconazole might inhibit its own clearance and lead to increased plasma concentrations,
This increase in drug concentration has been noted in humans and in dogs. That CYPTA
inhibition causes functional chiolestasis (reduced bile acid synthesis and bile flow) is
consistent with the recognifion that CYP7A is the rate limiting step in bile acid synthesis, and

bile acid synthesis appears to be rate Hmiting for bile flow. In humans, the genetic absence of
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functional CYP7A causes a profound decrease in fecal bile acids (Pullinger ef al, 2002,
supra)y and in mice, the genetic absence of CYPT7A can cause cholestasis (Arnon et al. (1998).
"Cholesterol 7-hydroxylase knockout mouse: a model for monchydroxy bile acid-related
neonatal cholestasis." Gastroenterology 115(5): 1223-8).

[0168] The relationship between CYP7A inhibition, cholestasis, and liver damage is also
consistent with other rodent models that do not use ketoconazole as an experimental tool.
Thus, ethinylestradiol induced cholestasis in rats correlates with a suppression of bile flow,
liver bile acid content, and liver cholesterol content. Epomediol prevents ethinylestradiol
induced cholestasis and produces significant (albeit small) reversals in these three measures.
CYPTA activity was suppressed by ethinylestradiol and returned to normal with epomediol
(Cuevas et al, (2001). "Effect of epomediol on ethinyloestradiol-induced changes in bile acid
and cholestevol metabolism in rats.” Clin Fxp Pharmacol Physiol 28(8): 637-42).
Ketoconazole inhibits human microsomal CYP7A, reduces bile acid synthesis by human
hepatocytes (Princen et al. 1986, supra) and inhibits bile acid production (Miettinen 1988,
supra) in treated patients. Functional cholestasis can cause subsequent hepatic damage
through reduced clearance of endogenous metabolites such as oxysterols (below) and
bilirubin and by reduced clearance of exogenous metabolites such as ketoconazole.

[0176] In addition to the wider ranging impact of ketoconazole mediated inhibition of
CYP7A noted above there may be a more specific effect through decreased clearance of
oxysterols. Oxysterols (hydroxylated sterols) are formed as precursors to cholesterol or via
subsequent hydroxylation of cholesterol. They are removed from the liver via conversion to
bile acids or solubilized in the bile. The most abundant human enzyme able to initiate the
conversion of oxysterols to bile acids is CYP7A (Norlin ez al. (2000). "Oxysterol 7 alpha-
hydroxylase activity by cholesterol 7 alpha-hydroxylase (CYP7A)." J Biol Chem 275(44):
34046-53), and, as noted above, ketoconazole can inhibit this enzyme as well as increase the
levels of some oxysterols (Miettinen 1988, supra). If the conversion fails or bile flow falls,
oxysterols can accumulate and liver damage may occur. Oxysterols are cytotoxic to a variety
of cell types including hepatoma cell lines (Hietter ef al. (1984). "Antagonist action of
cholestero} towards the toxicity of hydroxysterols on cultured hepatoma cells.” Biochem
Biophys Res Commun 120(2): 657-64; Leighton et al. (1991). "Activation of the silent
endogenous cholesterol-7-alpha-hydroxylase gene in rat hepatoma cells: a new
complementation group having resistance to 25-hydroxycholesterol." Mol Cell Biol 11(4):
2049-56; O'Callaghan et al. 1999). "Oxysterol-induced cell death in U937 and HepG2 cells at

rednced and normal serum concentrations.” Eur J Nutr 38(6): 255-62). More specifically, one
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639.19 46.75 42.78 8 4-8 For the preceding Table, the data provided in

the first of the two preceding Tables were used to derive AUC and Cmax
values on the first day of dosing and again after 28 daily days of dosing.
Vauesseppesent mean of 3 animals. * n=1, **n=2. a: Data forGaeeImc/060026
ketoconazole. b: Datafor racemic ketoconazole. AUC data is for 0-24 h. 6.
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WO 2006/072881PCT/IB2006/000026 Following first dose Following fifth
dose D10-902; 25,4R 2R,4S DIO-902; 2S,4R 2R,4S AUC 0-12

(tg*min/mL) 302 +1-38 820+/- 142 538 +/- 74 1543 +/- 231 T 'A (minutes)
TIB2BAT RO +/- 8 217 +/- 30 158 +/- 19 PCT/IB20G6/000026

G. Chnical Study of DIO-902
[0175] A Phasc 1 trial in patients with type 2 diabetes mellitus can be conducted to
investigate the safety and tolerability of DIO-202. A synopsis of such a trial is provided
below. Such a trial would be the first human clinical study of the 25,4R enantiomer of
ketoconazole administered substantially free of the 2R, 45 enantiomer. The primary objective
is o evaluate the safety and tolerability of 14 daily doses of the 28,4R enantioroer in subjects
with type 2 diabetes. The secondary objectives are to defermine the pharmacokinetic (PK)
profile in plasma of the 28,4R. enantiomer after a single dosing and after fourteen daily doses.
In addition the pharmacodynamic activity of fourteen daily doses of the 28 4R enantiomer, as
reflected by changes in blood pressure, cholesterol, plasma and salivary cortisol, cortisol
binding globulin, measures of glycemic control (fructosamine, continuous glucose
monitoring, insulin levels, and fasting blood glucose) and plasma free fatty acids are
measured. ‘
[0176] Seven (7) dose groups are studied. Six subjects are enrolled into cach dose group.
The dose groups are as follows:

Ketoconazole 400 mg po QD

28,4R enantiomer 200 mg po QD

28,4R enantiomer 400 mg po QD

28,4R enantiomer 600 mg po QD

25,4R enantiomer 800 mg po QD

25,4R enantiomer 400 mg po BID

Placebo po QD

01771 The dose of ketoconazole is based on the recommended maximum dose in the
product label for use in fungal infections. Dose levels of the 25,4R enantiomer to be studied
are based on the knowledge that 50% of racemic ketoconazole is the enantiomer 2S,4R,
extensive clinical experience with racemic ketoconazole at doses significantly higher than
those recommended in the drug label, toxicokinetic profiles of racemic kétoconazole and the
28,4R enantiomer in dogs, and a 28 day toxicology study of the 25,4R enantiomer in dogs.
The 28,4R enantiomer and racenic ketoconazole are supplied as 200 mg tablets for oral
administration. Placebo tablets matching both the 28,4R enantiomer tablets and the racemic

ketoconazole tablets are also supplied.
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Cmaxi.ig,/mL 1.06 +/- 0.13 3.4 +/- 0.44 1.53 +/- 0.19 4.77 +/- 0.55
F.ldiosyncratic Liver Reactions in Humans 101651 The idiosyncratic liver
reactions to racemic ketoconazole have been described (Stricker et al.
WOFBIEE3RE). The description of these responses as being idfoEyBMHIE0026
implies that there is no clear understanding of the mechanism(s). Any
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one year dog study, Acute in vitro hepatoxicity was studied by others

as 10 (e RriTts SRR BhEE 57887, supra, and Rodriguez and Acosta (1997).
"Ndeacetyl ketoconazole-induced hepatotoxicity in a primary culture
system of rat hepatocytes." Toxicology 117(2-3): 123-31). In these
studies, rat hepatocytes were cultured in the presence of increasing doses
of ketoconazole (up to 200 microM) for times that ranged from 0.5 hour to
4 hours. These authors found that there was both a dose and time
component to the release of lactate dehydrogenase (LDH). At the longest
time exposure studied (four hours), there was no detectable effect of
ketoconazole at concentrations below 75 microM (39 1.tg/mL). There is
also a suggestion from preclinical animal models that the metabolites of
ketoconazole (specifically deacetylated ketoconazole (DAK)) is a more
potent mitochondrial inhibitor than ketoconazole (Rodriquez and Acosta
(1996) "Inhibition of mitochondria] function in isolated rat liver
mitochondria by azole antifungals.” JBiochcin Toxicol 11(3): 127-31). The
in vitro 1C50 for DAK inhibition of succinate dehydrogenase is 350 microM
(in comparison to the C",a" of unmetabolized ketoconazole of 12.3 microM
following a 400 mg dose in humans (Huang et at (1986).
"Phamiacoldnetics and dose proportionality of ketoconazole in normal
volunteers." Antimicrob Agents Chemother 30(2): 206-10) It is possible
that these and related direct effects of ketoconazole (and the metabolites)
could lead to an idiosyncratic reaction if there were patients that were
significantly more susceptible than the general population. 101671 Material
provided here and in Example 2 indicate that a key component of
ketoconazole induced hepatotoxicity is the inhibition of CYP7A. Because
D10-902 has a 12X higher IC50 toward CYP7A (IC50 = 2.4 microM) than
does the other enantiomer 2R,4S (IC50 = 0.195 microM) (Rotstein et at
1992, supra) and does not undergo the time dependent increase in drug
concentration seen for the racemate, D10-902 will be associated with a
significantly lower incidence of liver reactions. As noted above, the two
effects will be interactive; that is the racemate will accumulate more than
D10-902 and the higher drug accumulation of the racemate will lead to an
even greater relative inhibitory effect on CYP7A than is implied from the
cell free assays. The inhibition of CYP7A by racemic ketoconazole may
cause a hepatic reaction indirectly through reduced bile acid synthesis
and the consequent reduction in bile flow and increase in potentially toxic
metabolites. Ketoconazole may further exacerbate this process by directly
increasing the level of potentially héfpatotoxic oxysterols. [0168]Racemic
ketoconazole inhibits bile formation in rats through inhibition of CYP7A
(Princen et al. 1986, supra) (bile synthesis is blocked when cholesterol is
used as a substrate but not when 7a-cholesterol is used as a substrate).

The inhibition of bile acid synthesis by ketoconazole is a direct effect on
hanatoneviae (\WWhitina et al (1020 "Rile arid evnthecic and ceacretinn hy



consistent with other rodent models that do not use ketoconazole as an
experimental tool. Thus, ethinylestradiol induced cholestasis in rats
correlates with a suppression of bile flow, liver bile acid content, and liver
cholesterol content. Epomediol prevents ethinylestradiol induced
cholestasis and produces significant (albeit small) reversals in these three
measures. CYP7A activity was suppressed by ethinylestradiol and
What isetiatned te normal with epomediol (Cuevas eta!, (2001). "Effect of
epomediol on ethinyloestradiol-induced changes in bile acid and
cholester lism in rats." Clin Exp Pharmacol Physiol 28(8):
- 637-% % %e%?:ﬁgﬁbggﬁéc?ﬁ alzﬁ% ﬁﬂ?ﬁlgﬁl}ﬁ"i{cr%isog%% BCI&I‘VP%% Pe%dé%é!’ssbﬁgomnamle
enanticgeid Bytithesisbytumanh hepalioeytes: (Princenmetaty 1986, Suprayand, or reducing
the mﬂ"&h‘Q%eﬁllﬁlﬁ%ddﬂfé%qyﬁ'}'%;%%'ﬁ'Q&%&?x§§’v?i'p]P E?Q\}Q%ec%t&g( .g\?ﬁggs'f activity.
Functional cholestasis can cause subsequent hepatic damage throug
reduced clearance of endogenous metabolites such as oxysterols (below)

2. and-ilirglin and hyreducedclearance . ofexogenis netabg #E‘?&isﬁlgﬁl 4B group

. ketoconazole. [0170]In addition to the wider ranging impact o
COnSISRR GESHRTBIE THERatEabFRtIIGH O CYIEPAN SIS EG RS tisténmmay siafance.
more specific effect through decreased clearance of oxysterols.
. Oxy {ero[s (gy roxy,l)ated sterols) are faulted as precursors to cholesterol
> or via SubSEG Uy dGETIoR BB e rOn ey ardRe mBEE FromF i

liver via conversion to bile acids or solubilized in the bile. The most

abundant human.enzyme able to, initiate the conversion of oxysterols to
Do Hegre P Bt At 060y Ao ILIOT P R B e
activity by cholesterol 7 alpha-hydroxylase (CYP7A)." J Biol Chem
s 27564, 24046:09),aud as nolec abave, kelacgnazole can, nhibt this
enzyme as well as increase the levels of some oxystero S?Mlettlnen 1988,
supra). If the conversion fails or bile flow falls, oxysterols can accumulate
6. andqiyer damage maysoceHr. QxySIeralsale Gyloloxieilo g variety of gell .o
~ types including hei)atoma ceI?Iines (Wetteer et al. (1984 Tl.l"ibsxn}égo]naistor centripetal
obesityaction of cholesterol towards the toxicity of hydroxysterols on cultured
hepatoma cells." Biochem Biophys Res Commun 120(2): 657-64;
; Leiglﬁign et al (1991). "Activation of the silent endogenous
© choldSers ¥ GIsHR-hytibskned Geiveats A aputema ebmd dingsger sclected from
the  gamplementéationgrouy having rgsistance (o g-mysiexygholesiemlyi Mok ridemia,

Cell Bio 11%47)1: 2049-56; 'C( llaghan et al. 1999). "Oxysterol-induced cell
hwemhcfgﬁésf Yin 093 %ﬁﬁ%ﬁp@g%&% educed and normal serum

concentrations." Eur J Nutr 38(6): 255-62). More specifically, one WO

2006/07288 1B2006/000026 study has reparted that H35 rat hepatoma
S R e e e g ke D POUhGRy LAt tha

resistance to 25-hydroxy cholesterol can be brought about by the

ex ' f CX e tes this,CYP7 mediated
e T Sy (L HITRG SAg R o e - o he
group cgagrssedh bile Aciddyenrr sidoamtt théIhEred sbserdxystérois follewinstenosis, (4)
pancrealﬁeiré?cqslﬁzé:{;@dﬂ@gi@mﬁi)&%f 7fsin WQ!}!Q&&@HQQW%%JE@ l%yfl &&inopathyt (8)

CYP7B (oxysterol 7alpha hydroxylase). As CYP7B is under genetic and
nephropgti St AFHERIFGIRen et at (2003). "Regulation of oxysterol

7alpha-hydroxylase (CYP7B1) in the rat." Metabolism 52(5): 636-42;

Jalcobsson et at (2004). "A functional C-G polymorphism in the CYP7B1

promoter region and its different distribution in Orientals and Caucasians.”

Pharmacogenomics J4(4): 245-50), it is likely that there will be a spectrum

of activities in a human population, and it could be expected that, in some

proportion of ketoconazole treated patients, the level of CYP7B will be

insufficient to compensate for the ketoconazole mediated suppression of

CYPTA. It is known that insufficient CTYP7B can cause liver damage if

CYPTA activity is significantly reduced. At the extreme end of this

insufficiency, a complete lack of CYP7B can be fatal. Thus, one study

reported on the fatal liver damage that developed in an infant lacking a

functional copy of CYP7B. The liver damage was suggested to occur as a

direct toxic effect as well as from inhibition of the formation of bile acids
and nnonccihlvv from an indiiction of nvidant ctrace The acciimiilating



[01751A Phase 1 trial in patients with type 2 diabetes mellitus can be

conducted to investigate the safety and tolerability of D10-902. A synopsis

of such a trial is provided below. Such a trial would be the first human

clinical study of the 2S,4R enantiomer of ketoconazole administered

substantially free of the 2R, 45 enantiomer. The primary objective is to

evaluate the safety and tolerability of 14 daily doses of the 2S,4R
10 enafitiemat i Subjegiscvdthnly pa Ardliakatesn THR SeeandalyePIBRIYES &Grrises a
com Oagggt?gggig%.phe harmacokinetic (Pg‘.profile)igElasm_a_of_the 2S4R

PO hanticmar ard B'SiRgIe oSG Yo e rolirtebh By gosed) Iinadiwsnsitizers
seiectedjhé‘tphalﬁm&nodyrtﬁmmaiﬁ@gi\ﬁ%(@f tefuaatgeéafaaéuys ct@@egaquﬁi@%déﬁl (¢) insulin and
i © iomer, as reflecte changes in blood pressure, cholesterol,
msulin pFa%nng)gﬁaﬁadsazﬁ\?gfil%‘Brt@gl,Sggfgs‘éﬁj Gl:ﬁ%iiﬁladg@%ﬁﬁnf% HEufEggpeogues: (e) o
glucosighyeeinio wontrol {frudtosaminecepntinuaasagliscosemoniteringsinsulinnalogs and
S 21V fasti lucos ma free fatty acids.are .

e (01 16Ty O oo fronros Bra e L1t LUyl recepor
agonistan bl ddiintoledth(dbBegrivg. The dosedgreupsiaidsfbllowsptor 3 agonists: (j)
cholest&810 70leA00 Dnd8£ lomer. mg-p > AR, e
S enar,{"gcggrtr%eég§ 46169&%%&%@& (ﬁbar%t?itgl er%})g%(%%%@ 6%{ gbq%fh&m reductase
inhibilgge AitioiFRIEOI g o DBy AR @lahtioRtsaoacigpéd BID Maseto(po PPARG
agonist§ D(\lplﬁﬁﬂciaﬁ’ d@§:ﬁ 0&5%8 ; QBZQ}ﬁl!ﬁigﬁegfo Qi%@%gﬁ%ﬁﬂm%%& %gm (vii) acvi

maximum dose in the product label for use in fungal infections. Dose -
CoAchlpaterek they bmferaparinbimbp et Suidiednairebdsas; ofih® RadWledgeists; (1)

antiobegﬂ_?ft_c 019&&@?%‘}'%5%19&06}%91%%r&!h%;:)%ﬂﬁptﬁ%ﬂ%{oﬁﬁ‘i3111}‘?3‘1% a[%veﬁlﬁé\r agents

_clinical experience with racemic ketoconazole at doses significantly
excludipg U Frastieriom g aRitHe HitiirpersebiestdHE R Proffes o bitors.
racemic ketoconazole and the 2S,4R enantiomer in dogs, and a 28 day
T tox(;g,olog_, study of the 2S,4R enantiomer in dogs. The 2S,4R enantiomer
© and ricdhic KetoSEHAL B Y SHBMIREEAS YOt abRes fof GR4S ketoconazole
enantio@drmintbtationp Riacebrdrklgls matehind pAhtheiRs AR @NAMOMRE nhibitors: (b)
sutin (@blets and t&he r%emlc ketoconazole tablets are alsg supplied. WO
3056107288 PETABI00EIGEBRETOTEIFIRE IbEhtidh ety Brbhl) biguanides:
(¢} insubesonibegsindetaitandsexémypiified abeveshnsthowide varebuet: () a-clucosidase
inhibitoRMROGIMENLS; Sonseaquently, while certain embadiments of the invention
e Do R B Pamr SR B BB RRER ' OL-
] 1‘6cep@rea§@ﬁwmphat§&.’a§f£||mg!mgmhndheismm ohthé iolteveingrchaimess; () PACAP,
PACAP[QJ:Z{%L%"&RH%QQE‘@&? Q@W/@@Qi‘qgg ?%tscié %I%Qt R %fesgg% F(‘)tx%gitino agents
applications, and unpublished patent applications) cited herein are =
selected; frsfptiaaureras Byne i énddds i edcteduchspublidation, ditcoumentnts, (iii)
nicotinywaﬁﬁﬁ)@?m@‘él%%‘qa@gi@%%lytgngli%g {R/ @’nggggﬁqgshe(r\%lrb%( alv. dual
. reference. Citation of publications and patent documents Is not inten eg ’
agonistsad ik JHHALSTBrPihGE AR AL BESKBtent (8 pettiriehpriehadeietol doplrimsferase
inhibitoGORLWE QRAMISSIAN @S 1o HIeCamEnts ¢ date.atihe §8’1‘ﬁ}$}m\(é{£136%5§ an ileal

bil ,éz:laimed is: .Use of 2SHR ketpconasze enantiomer substantially free o
e Ao HHEPRESCBHAYHE BHaAtibMERIIRE T asaRaTttre el asidfeameneitty and (o)
protein dealingplelaying the orsarfitisrdHcn: e 4L H8VEIORINIANed preparation
for cont gise(%gge%r condition aszggiated with elevated cortisol levels or activity.
TheGEE S a1 Whe ASTSATH TSR 484 SrRibriditiol e dsedtbty et ermaset of,
or reducgrptp consistingetidiyperglycamia cdiabetesshygiridasuliBemigsiaims 1 1o 9.
hypertension and insulin resistance. 3. The use of Claim 2, wherein said
disease or condition is type 2 diabetes mellitus.



4. The use of Claim 1, wherein said disease or condition is Metabolic
Syndrome. 5. The use of Claim 1, wherein said disease or condition is
obesity. 6. The use of Claim 5, wherem said disease or condition is
12 Visceral ‘ tri | sity., 7. The use af Claim 1, wherein said
disease%egg% |ﬁ§1:'%r§9§ igfdzéfsgpgé?lgeﬁ%}%ténue %f%%mem o Combined
prmgmoupemwmglgdyﬁﬁmdenﬂadmyhg‘dipideﬂ&a@hﬂqﬁmtrigiy@tidgmsisting

£ hvper emia,low HDL and hig .8 The use of Claim 1,

o R, e T A Aok g o TR (8

hypecbordamgiaohCtairik lwherdimsaid dibedisederdandditionits electesifionn

HE\EQ?- rQu sisting .of; (1) low glucose tolerance, (2) lipid disorders, (3)
vas?ﬁ%ﬁr%gg}%dnsgsﬁg] Zf}(%ancreatitis, (5) abdominal obesity, (6)
neurodegenerative disease, (7) retinopathy, (8) nephropathy, or (9)

13 Neuropaghy. 1.0, he .use pf any.preceding claim, wherein the medicament

further i%%gﬁ%gg%%ﬁg&oﬁ N Xé%lzcci:téﬁ! #glrﬁ %ﬁledgz?gﬁ{lﬁ aégﬁ]%%s%ncé) 15%(3?9
prepRELPY nhibitlsy (b ibsulinsarsitizedsselediedifiont thedspig:

h&9 é' ' . ()PPAR agonists and (ii) ) biguanides;. (¢} insulin and insulin
é {arﬁlgégps&gﬁ%gré)i}rgu&%%? Seglﬁﬁ%cr?; d‘?(e%’s)m r%’l(;sl1 othef isﬁlsgﬁlj#nrts?%‘é‘ré §8%t§ﬁ€es;
inh{gitaglucosidase inhibitors; (0 glucagon receptor antagonists-, (g) GLP- 1,

GLP-I analogs and mirnetics, and GLP-1 receptor agonists; (h) GIP,GIP
analogs and mimetics, and GIP receptor agonists; (i) PACAP, PACAP
14.analogsi@disinietios, dAAdPACAR TeedptoiBtagbhists (j)chalestesol
inhﬁ%ggfiﬁga% tg seIecFed from the group co.nsis.ting of (i) HMG-QOA _
reductase Inhibitors, (ii) sequestrants, (iii) nicotinyl alcohol, nicotinic acid
and salts thereof, (iv) PPARa agonists, (v) PPARa/7 dual agonists(vi)
1 5. inhibitors, of cholesterol rgtion vii) acyl CoA:cholesterol

° ati:yl_transli‘leraseoinﬁl%lﬁt%rf:;}ifiii’%i)h \l;ﬁfflé@ﬁ%-sgi(%éﬁ@éa%t 'Wﬁ%t%%%? S; (1)

corgrtinlsesitipeeriaboundsy{rtan teal dilenadidvasmsporterinkibitar (n)
é@&é&fﬂé . Iy: & gﬁe%clud' z?v lucocorticoicis; and (o) protein
rOStyrosine phosp a%lgggl-?B iPTIf;uiég '%#%%rs. 11.Use of 2S,4R
ketoconazole enantiomer substantially free of 2R,4S ketoconazole
16.enannomer.and a co lected.from the group consisting of (a
DPP-IV inhibitors;C(bsrlrlilr?g&%?rjiqs%e%‘ng’i%%reer}él %ﬂe%enétee cﬁ%rﬁ] e 68 upuom for
delapimsistingror(iy e AR agogiss Bsidofilibigvanigeshéc) snsulin aneaidg swamd
meteen hisullonlrsas andatensecisiagegues: (sl a-glucosidas
? inhibitors; (f)lglucagon ec%ptorogln@gﬂégﬁé%; gf%‘lé‘F?(T(ﬁ T_Slg?ﬁoaﬁsg oogrg on
inhgRepinimetics, and GLP- receptor agonists; (h) G. GIP analogs and
minietics, and GIP receptor agonists; (i) PACAP, PACAP analogs and
mimetics, and PACAP receptor 3 agonists; (j) cholesterol lowering agents
17.selected frovactié ¢edup! ondistiiy tof () pIMGCork redtictasehibhiitors,
ezefi;g8guestrants, (iii) nicotinyl alcohol, nicotinic acids and salts thereof, (iv)
PPARa agonists, (v) PPARaly. dual agonists, (vi) inhibitors of cholesterol
absorption, (vii) acyl CoA:cholesterol acyltransferase inhibitors, and (viii)
13 ant-oxidants: k- BRARR a0aniats: (haniohesity sampanags, (M an e
bile acid transporter inhibitor (n) anti-inflammatory agents excluding
Prepigeidenitideidsiapagdhprotent grosivrighosphdtsoB(RTRLIB)intibitorsp
corklshiRmanvRRLRGlRFAMBINBLRIRAIAION QT SR SIRRIANER T A1

sequential'administration to a subject for treating, delaying the onset of, or
1€V<"flesdqa&ng‘ltﬁ@%kaehwtaém@a@@aéém@ﬁ@n@m efinedin elfspolf
congi@fpe | to 9. 12. The use of claim 10 or 11, wherein said medicament or
combined preparation is for treating a disease or condition is selected
from the group consisting of hypercholesterolemia, atherosclerosis. low
HDL levels. high LD1, levels, hyperlipidemia, hypertriglyceridemia and
dyslipidemia, and said compound is an HMG-CoA reductase inhibitor. 13.
The use of claim 10 or claim 11 whéféin said medicament or combined
preparation is for delaying the onset of or reducing the risk of developing
atherosclerosis in a human patient and said compound is a 1-IMG-CoA
reductase inhibitor. The use of claim 12 or claim 13, wherein the
HMG-CoA reductase inhibitor is a statin. 15. The use of claim 14, wherein

the statin is selected from the group consisting of lovastatin, simvastatin,
nravvactatin flin/actatin atarvvactatin rncin/actatin itavactatim 7D_-AR29



16. The use of claims 14 or 15 wherein the medication or preparation is
for delaying the onset of or reducing the risk of developing atherosclerosis
in a human patient, said medicament or preparation further comprising a
cholesterol absorption inhibitor. 17. The use of claim 16, wherein the
cholesterol absorption inhibitor is ezetimibe. 18. The use of claim 10 or
claim 11 wherein said medicament or combined preparation is for
reducing the risk of developing a condition selected from the group
19.  consistingebf1p@rinviesterolemiaptithietosoletosis! IpwiHDPI RIS Higtpconazole
enanthddibr EVEIS Rerlpiderpia, yparialveeridemia. dysliRidemia 8008, psoriasis,
sequelae of such conditions.  19. Use of 2S,4R ketoconazole enantiomer
deprestipstantidinefresyof 2RIASREtEEh SHERS eNENHITE SN RS PaRLRACYGrE GRITMENt,
neurcRdNeLiGamenh fondraaling RoRkiiuLe s UREECHOSH, PSOUASIS intraocular pressure,
_ depression, Cushing's Syndrome, glaucoma, stroke, Alzheimer's disease,
unpalé%fgfﬁﬁ%‘efwléﬁf?n?é?ﬂ%iﬁ%ﬁgPd‘yé’ﬁﬁ‘meﬁ deriRitts detieased insulin
secretion, elevated intraocular pressure, impaired renal function, albumin
leakage or premature cardiovascular,disease 20.,,Ur¢,e f 25,4
2. ketocdatie SHBniHieH St AR e B 8 8 ReltitoRhrile!S Ketoconazole
enantRNaatiomennibemanuiactue ohe:médicamentriopinardaisingl givimelatar
filtration rate. 21. Use of a 25,4R enantiomer substantially free of the
2R,4S enantiomer in the manufacture of a medicament for reduction of
21, cortisOktevéls: iR S 4Fatientdiagnosebswithad cofdition dmardidtéfizedyomer in the
manuFISHRLCOHRANEYEI WAl A0S TeelsAmPILiRRRRISHIRR VTR Re with o
constant exposure of 1-acetyl-4-
condifip] 22 et telichib rophemnydd (sel-ievidazoharsia Yhmetpgijament is adapted to provide
a combtan QXIS Methoxyl q@qpﬂquapmm wewzp;gﬁna%m_ |-y1)-methyi]-

period of at least 14 days, optionally at least 28 days. . The use o
1.3-dekaien 2t xMhartia thbnbemod Ripatieasta 425 Arease Y8 adpsiobgint dist 14 days.
optiokdAY hargihe Bé(?g‘etyl-4-[4-[[2-(2,4-dichIorophenyl)-Z-Rll-l-imidazol- I

-yh-methyl]- 1,3 dioxolan-4-yll methoxyl] phenyl] piperazine has not been

administered to the patient for at least 28 days, optionally 6 months, prior

to Day |. 23. The use of any one of Claims 21 or 22 wherein the condition
is hyperglycemia, diabetes or insulin resistance and the patient is not
under treatment for a fungal infection. 24. Use of 2S,4R ketoconazole
enantiomer substantially free of 2K/IS ketoconazole enant omer in the

manufacture of a medicament for modulating an immune response to a

cell-based response from a humoral response.

~1
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22, The use of Claim 21 wherein the period of at least 14 or at least 28 days begins on
Dav 1, and the l-acetyl-4-[4-[[2-(2.4-dichlorophenyl}-2-[(1H-imidazol- | -vI}-methyi}-1.3-
dioxolan-4-y1} methoxyl] phenyl] piperazine has not been administered to the patient for at least
28 days, optionally 6 months, prior to Day |.

23, The use of any one of Claims 21 or 22 wherein the condition is hyperglycemia,

diabetes or insulin resistance and the patient is not under treatment for a fungal infection.

24, Use of 25.4R ketoconazole enantiomer substantially free of 2R.4S keioconazole
enantiomer in the manufacture of a medicament for modulating an immune response to a cell-

based response from a humoral response.
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