WD 2008/ 042898 PCT/ US2007/ 080186 KETOCONAZOLE

ENANTI OVER | N HUMANS CROSS- REFERENCE TO RELATED
WRRBBOOATE ONS [ 0001] This application clains pPCDUB1097/080186

to U.S. provisional application No. 60/848,963, filed

Oct ober 2, 2006, the entire contents of which is

i ncorporated herein by reference. FIELD OF THE

I NVENTI ON [ 0002] The invention relates to the use of

an enantioner of ketoconazole for treating diabetes

and ot her conditions. BACKGROUND OF THE | NVENTI ON

[ 0003] Ket oconazole, 1-acetyl-4-

[4-][2-(2, 4-dichl orophenyl)-2-[(1 Himdazol-1-yl)-

met hyl ] -1, 3-di oxol an-4-yl] nethoxy] phenyl]

pi per aziKETOGON AZCHE ENANTIOMER! I HUMANS

enantioners (-)-(2S, 4R) and (+)-(2R, 4S). Racemc

ket oconazole is an approved drug (N ZORALOO) for the

ket aconas iSRRIt 4 REFAZER BRI BT S0l ' Y

[0001] 0 DEhis Wpgtidation lme paidelty b TBYProvdbiopsl applibatdinies. 60/848,963,
gents, In the treatnment of a variety of dlseases and
filed Q@ﬁbﬁrﬂ &R0, thantineisorgents plewbichisiBeqraaratedeesdip by geference.

Syndrone (al so known as the Insulin Resistance
Syndrone, Dysnetabolic Syndrone or Syndrone X), and
ot her nedical cofIELD@BTHREANVENTERSO0CIi ated wWith
el evated cortis | evel s. See U.S. Patent. Nos
[00025 58 6796(311'[1(61 g_eg:gesb io7 Iheapﬁj: mgn%@me& ol H(ez:ﬁacomﬂo@n fqrgtreating

dmbdbggﬂ{&ﬂ&q&ﬁgngggeln by reference. Cortisol is a
stress-rel ated hornone secreted fromthe cortex of the

adrenal glands. ACTH (adenocorticotropic hornone)

i ncreases cort eted by the
pituitary gla fﬁ%‘%%é%@@w @E} ngglﬁéﬁ;ecr etion of
[0003§OF tK@t@&JrﬁEd)l@ r algasilag hprmee4(ddRbrop i)t NE 1 H-imidazol-1-y1)-
ot hal anus. [ 0005] Ketoconazol e has al so been
meth)ﬂﬁgé

rdieseplarodybwarethepi] @h@@ﬂbplne@zmee iy 8 1goemigsmixture of the cis

enantléﬁl%# ﬂ-g-(§§ Qﬂ{ ag&'%%l'é o‘ﬁ%@%l%' lget(gcro%?ﬂﬁ? hl ab pr%ved drug

ST’sy n rone: - exgeri‘ence i nts.
(NIZ(EEAQ@)Ifmhe (Iaﬁfﬁent SERuAYal 11 Fédtidme ; G]I ling et al. (1993)
Ef fects of _ketoconazol e on, chol est er ol precursors
[0004} g Mgte eremail% Ketoenpolt &ian fRynfbiq dectpsse nlagpgy cortisol and to be

useful 99)?’{) |Ql§§ %2 goﬁggfllr?? QR cgﬁé}]a%@ntﬁ hYREE %Qh'feﬁ% &f legl%@ -of diseases
and comd tompo imteting eypei h dbljvetes dﬂeﬂaboﬂoceﬁyndfhme 2850 &4Rown as the Insulin

Resis G L RTET! ST RL YeBam ot Ui chol 6310l e motin
condilibi® @hNEE abDRixAed) wER AN hRARL{sBP1SER] Sectll. RlPatchl R32) 5,584,790;
6,166,017, and 6,642,236, each of which is incorporated herein by reference. Cortisol is a
stress-related hormone secreted from the cortex of the adrenal glands. ACTH
(adenocorticotropic hormone) increases cortisol secretion. ACTH is secreted by the pituitary
gland, a process activated by secretion of corticotropin releasing hormone (CRH) from the
hypothalamus.

[0005] Ketoconazole has also been reported to lower cholesterol levels in humans
(Sonino et al. (1991). “Ketoconazole treatment in Cushing's syndrome: experience in 34
patients.” Clin Endocrinol (Oxf). 35(4): 347-52; Gylling et al. (1993) “Effects of

ketoconazole on cholesterol precursors and low density lipoprotein kinetics in



" St ereoi soners of ketoconazol e: preparation and
bi ol ogi cal activity." J Med Chem 35(15).- 2818-2).
w8898 because chol esterol |evel in a hunanP@EUS2AT/080186
is controlled by the rate of netabolism and excretion
as well as by the rate of synthesis it 1s not possible
| £r .

ropr RGeSl U0y 5 15! Sl PRy SRR SRl horin by
referendw)| Ebd éSpﬂRIeﬁmﬁ[c&nerns andTel mamqaa:gansmthe @lﬂﬂ%@rol’l’t}@thﬂ& enzyme

S| BT BB R N i AT LR I 100

"Stereb RERRASH Pk&ob Rz HlE: U&eﬂﬁhﬁ&f) hac Blolopave aediviff " Uhesse C%;51035 (15):
enzymes are |1 nhibited by ketoconazol e (Rot'stein et

2818-3r Hoveaypr, da)ecau‘shuchoheﬁhnomdwebm 4 bouden tatien is aprttenilat ibyrihe rate of

in t eceaance z rass., gt, at ...
metabofisr 354 BRI F el ot BnIF0RB T <SRGSH s het uigh o Hrigict rom
this WHefRRSthe MR NinGhitdn AJEMN kstobdRaBIENRII %Q&ﬂorezéifféc)tlve at lowering
151-8, incorporated herein by reference) and several
ChOleSé‘trhblieVﬁflﬁrﬁbﬁt bamen priiegs such as Qi vec (Dutreix et at.
[0006] Eg?f}{r:éaglg%; oge{tét§ n?%ﬁqg \a/agf:l ol{lllﬁzpa % %kc%n 1%5@% OA)F tﬁl@%ffect of
ketocdzaneleronGhe rmtsh ehzﬁﬁ@nﬁmlslb%fm dr@drfné)aboﬁﬁﬁ) Sk)veﬁﬂl @f these P450
nmet hyl pr.edni sol one at., "Effects of

enzymest 3¢ Grbided Bbhetﬁ‘é‘?WPlﬁr(geﬁt%‘@)l%ﬂé Sugpiak rlado kit deads to an

altera@(;}{jl Cﬁ%tc'lesdpel cé%fs 'I(@ttob%zoleQS%ﬁ Epﬁg gpgpl "D-II 1t1]0%§§" ketoconazole,
39(6): 654- és resul t, e exposure ofs t1ent

an omb dmrlﬁmgahanol}mmamsr"eammmplt hAgeezpseaG;’}&’dwdwm ﬂ]@82 21(1) 151-8,

1HCOII§BQ{$(L¥[ %E:I?(ia? a (iurs]ﬁ:vté:r':]?ﬁ %ﬁ@l{g}pg&%%ﬁl}% Séllﬁ]a as Glivec (Dutreix

et al. ""Pﬁﬁl%?&%@klh@tlc %Q&%ﬁ%eﬁ@&n%td’é@ﬁ%‘l@%@Mtﬁ%@@lét@k@ﬂvec) in
‘'using the "Area under the Curve" (AUC) based or

healthyoneeiestat i ohwkr t hehatrailprt o Bhdriarol he2(fas rﬁ(‘é)nd 29034) and
RIS AL A0 ISR 5, TG Tl

phamﬁb@ﬂhétid@amil dorli % Sedrbiadh. t h:emAtxarfmeOlkEﬁe@cmaz BD@)ab34e9). As a
repeat ed exposures. This increase in drug exposure
resultyihg ePOHES Of £ MRbenite fietagprazels BriSIdeVidth reeaied dpanandespitc no

1ncreatgg [i]r?lt}ﬁ::t E%urﬂoosfedrgé AREERE to e ?a@éﬂt' PR CXEF{L{{e?fI% é%Céease in

e increase I n ug exposure | ncreases the
exposofe @ad\bersessiedend délﬁlenitsitemlssmg' tht Ed e drilek ﬂtec[a(de@GLIéC) based
ket oc oIe i nhi.bits seve

use. As note
on th?o&@refen% :ﬁ' e(gfa%ﬁ%m B i‘ﬁ”ﬂ?ga thengpe @ﬁva%mtﬁrhw&wh the

measdraﬁérﬁktérenmﬁéé] rgadaye e ﬁ(@@%@rﬁz@feamwﬁgvtﬁé SHRf exposure is
drugs that are co-adm nistered wth ketoconazole. This

significanthe ese than the e\lﬂﬂi afgmhetb@netcsle agér m@eadhﬁNp@umseEhls increase in
drugs can ev use of .either o

arug b dRe FiBaP BT b GuBRETR 8B Gild e Glsgydose of the drug

to a pRA&M! Phrtheg! th@tmcrézﬁ@tlﬁtd@ﬂl{ eRbosde incietE e NRYMOBE IMaPEse side
the effects of the two et oconazol e cis enanti oners

effectg hssmeteé Mlﬂtkqﬁ@ﬁonme)u@nﬁwmﬁdra@@p@ rkefagpeazplsrinbibitg several P450
enzynies re%%)lnls@\i?ef rdiug e?ablgﬁ?nécagg édzugl %R%tlorr]loca%ellef%: EI Yr{ct Msed plasma
levels of drugs that are co-administered with ketoconazole. This increase in the plasma levels
of co-administered drugs can prevent the optimal use of either of ketoconazole or the co-
administered drug.

[0007] Rotstein et al. (Rotstein et al., supra) have examined the effects of the two
ketoconazole cis enantiomers on the principal P450 enzymes responsible for drug metabolism

and reported “...almost no selectivity was observed for the ketoconazole isomers” and,



WD 2008/ 042898 PCT/ US2007/ 080186 referring to drug
met abol i zi ng P450 enzynes: "[t]he | C50 val ues for the
W@Er@sessos i oners were simlar to those previ oRGI/YS2007/080186
reported for racem c ketoconazole". This report
i ndi cated that both of the cis enantioners could
t r Ne -

refem\gl;lvgr\h ({ﬁg et oogi%tan g?ﬂgf |F1§£z mes, e[?]k{[égggg % e@r[[]of kl)l?e}e]éﬁ Hantiomers
were sichilar $@ th&dsd erefidwty Sepfbftecﬂ( ddrormoeraicoketo@unzaie’s tThad 'rapnrt indicated

exaceyrbated by this oblem s liver rea
that badnhibepaEneniomst CradeonBhS T BRnis i heck @wra em observed

thth@g&gaﬁﬁzagraggm{eveI of liver specific enzymes found
in the serumand an increase in these enzynes has

[0008beer0m¢biét¢1e dvdieet Ddoeiirt! o ket@atenlqatiiestrati¢iSetaaerbated by this

| uat f ket 198
AUC piftoly s, Rt Farlh ant Sy rbats Tt ERHRTE gt riaured by an
incread&id B odlaanaz ep&ifid edtyiRBtfoundVR thvREruhP8Rd ad 4hckedBh 'in these

80-5, each of which is incorporated herein by
enzynpesf deenbedn. notechdidi thetnsonazole, QoBtqsatnadiants \(\Mhn ha@@luatlon of
S re, liv f "
cetoc g3 LBy Bl P DI By beps g rsctions

durinde@baiasste katawht. OAm J Mb&lﬂ 083 0140103); 8651 étldh&if vﬂﬁéh Basyprporated
and adverse effects.” nacotherapy 1984;

hereimygreperance). lnagdaisional b?dOQPePaéieﬁtsw Irheve mone éﬁ)ver%&veﬁé@léae (Smlth
ey nt,_o n
nd RS TN Ol RR00C O RLER, PR sion
phamtahelogygmhmtcabéfﬁdna:;,gartdadd@arspceffectslafhdmmapmt?r%aéel) 199-204,
) (the,"AUC probl ent'). The correl ates liver .
incorpsRlg e PROBFEBCO] AR TBHCa1bover BEGROGEbRT KFipgPnifde to which a
patlentt Wé)ﬁﬁ&@ﬁ%ﬁﬁ&ﬁﬁlt}kﬁép@&@@ ﬁgéﬂ% cldh thah® R amoat @f drug taken per
harmacol Sin 20 782 incorporated
day dch@m@it mchgpse ghet @H@e)rounm”} Abe ddde dorslpies with 1tver dfh?eage in rabbits

" e freguency [,
(M gl o B Sl P SRERES of B WP i A Pharmacol
Sin 2069091 8)Add8 78D RAddryorated Derdiia e nefdNhce P afit thedddded exposure to the
incorporated herein by reference, reports that the

drug pdelryesnannesnerthe Sregpency £8ilbigs dimage wapitedint ketpganazole treated
fections. This sane patent application also reports
patlent{' . . ; .
studi es on isolated guinea pig hearts that show t hat
[00091 he Additionalyr 3. datenoNor 6060867, ketcopan@d bkeimby rdference, reports
%Clated with an_increased risk of g ardi ac i
that thY BRyAF RRARIOBIGE IS SEEAEIES Thorealt Feel dHBBIns of Thifigpme patent
applicA8sk ﬁlts?1 %bortb@wﬁ}é@ on %ﬁatgdl 8GOS HY Helrtd hAL s BB the administration
arrh not been preV|oust reported as a side
of racemﬁcebettownag;lstr@mht assaattd wikbtan doerezset eisk alf térdisg hlrrhathmla, but

L T TE N TR LT RN -

had n&MWHA ipsd 6 R PG 5LNEilY eMbdt b dtéBRAgEM ¢ ketoconazole, although
Furt hernore several published reports (for exanple,

* PNt o s aTRade doRoistesehicbeenoteport when racemic

ketoc%rr 8 c wasaai%g}lglé}eaegﬁéogglgnagm eltﬁ:f)ert%na 1ne %Iuﬁtﬁgljn?o?e several published

roc Yers
reporté O{fdNt &@Aple, Workdnirdth Pharmagoda7) 37‘Ll<3k) ofleﬁ'écﬂaf 4¥@Mstine and
denonstrated that ketoconazol e does not increase the
ketoconazole coadministration on electrocardiographic parameters in healthy volunteers.” J
Clin Pharmacol. 37(11): 1065-72) have demonstrated that ketoconazole does not increase the
QTec interval. This interval is used as a surrogate marker to determine whether drugs have the
potential for inducing arrhythmia. US Patent Number 6,040,307 also makes reference to

diminished hepatoxicity associated with the 2S,4R enantiomer but provides no data in



Qlc interval. This interval is used as a surrogate
mar ker to determ ne whether drugs have the potentia

wo a008fo4p898ci ng arrhythm a. US Patent Nunber 6, OBOI/882007/080186
al so nakes reference to dimnished hepatoxicity
associated with the 2S, 4R enanti omer but provides no

oo 3o, OO BE P SOOLPRLE e RO o

allow Nonthe nss6s0dDf 3DRepdmascityals theamkthwd fuses mhiveosasee ssoimet frah frozen
hepatoxicity as the nethod uses m crosones isol ated
tissuet - om frozen tissue. [0010] Thus, there remains a need
[0010f OF NIRW {HRRY RRaBR d AleattbLAL E}Qaré?ihé‘se{%? &Rafdic QR £r{d0£b§1d1t1ons
associated with elevated cortisol levels or activity
associgtedtwigtt elmegtedoeortiscd d¢veth QinCtltDI\V\EOlI thgt way bé Sr@ated be\lr@t/ermg cortisol
1 act |v1t hat ar, as ef.f ct v ket o onazo glp
evel ol qctl&t% preas e efl Gty eanstke o&ogaqoéeg'@\g ggfeé%n ?rh;gesen 0 a lesser
degreé, 354 Sudf o fA U irtErh &ToAE tah @ A8V @Elsiad ¥ FE& S oS kétBc@fab &161 Bhe present
of ketoconazole. The present invention neets these
inventigiymgeth diesqaethergigdlARY OF THE | NVENTI ON [0011] In
one aspect, the present invention relates to
adm ni stration of a 3-hydroxy 3- nethyl glutaryl
coenzynme A ( HMGSCMMATRY @R BHE INVENITION (stati n) to a

atl ent in need of such treatnent, in conbinati
[0011} ¢ Hnpnerrspesie el RIGTeNT InvepidRn Fejaies o adipingtiratien @fza 3-hydroxy 3-

t r
methyfghfa %éﬁ@{é?ﬁ%ﬁ;ﬁ?ﬁi%@ﬁ%ﬁ% lgﬂnié,rtxr fg& g{@% ngiavleﬁt Reed of
such straaphgnt" as, 4Ginkmhmzmn‘aztbl e ¢raapenncatly” )effe@tsvedwmumbeolf 2S,4R

conaz

f ot
ketoc /e BRI NGRS B O RAPHBEBE Fb CRpFoRTPE TBfeIE fgantiomer

(someHMés ly"eduRt s oh i bbdBfiomee UWSQESJHB%d@W cfogcﬂmlmstratlon
the H A reductase activity. This allows

of the@§sH% k@pcqrﬁéolﬂn@r@@mer eleangesidie phamidsiokinetie DrOlﬁée of the HMG CoA
reductage 1nh1 3 er ee u% H%?heo 6n1aé Yma hﬂ? Vo%gd{uggs%V&A This allows

i de-e ge expec

hlgheli’ Gdsu:@toﬁfstﬁe IHMGOTh Al redaGaseai@fibitos @ be thdafinidtered to a patient whilst
nonat her apy [0012] The HMG CoA reductase inhibitaor
avoiding atif-aifedte et WPulH henexmested R kibe JAMta L1 redtising jipfihitor was

admird é’re@ﬁsaﬁ%ﬁoﬁ%mﬁ}? e a_nd not limt at! on, atorvast _atl n,
ovastatin statin, pravastatin, fluvastatin,

[0012} i vadBteaHMG (JotAawdsttate mhibdtor cosliviasteatd withlthe GSQR ketoconazole
enbodi neg ]E?he HMG Co re luct ase i nhi bi t.or
enantigimaF Lk A6+ 107 OO S aaf IYARE SRl laHap) wnvestain,

pravaﬁﬂﬁptﬂﬂgﬁﬁtlﬂ ?1\/@&5@1@'1?&‘/5&”[&91 3t r&udkdih. dAfe %ﬁnboﬁfn@éﬂt the HMG
Orrg he patient treated using the 2§,

CoA ﬂcém@i@s@nmlbllt@ lenfan\tastatmr/ HI\/G CoA reduct ase | nh| bi tor
atie

y. r_exa
0013572 RERB0Y. R AR A B P s SR g o gaily dose of
from PG in@Nt600Qhg. didgREed tRstedidR@ithe 2S,4R ketoconazole enantiomer/HMG

CoA reductase inhibitor cotherapy may be, for example, a patient with diabetes, a patient
with metabolic syndrome, or a patient not diagnosed as diabetic.

[0014] In another aspect the invention relates to administration of a therapeutically
effective amount of 2S,4R ketoconazole enantiomer to a patient who will benefit from
reduced levels of C-reactive protein (CRP). CRP is an acute phase protein and elevated CRP
is an indicator of systemic inflammation. Thus, agents that reduce CRP levels are considered
to reduce systemic inflammation. Thus, the invention provides methods for reduction of

systemic inflammation in a patient in need of such reduction, by administration of the 2S,4R



[0014] In another aspect the invention relates to
admnistration of a therapeutically effective anount
W®20028424P8 ket oconazol e enantioner to a pati entP@UTOS2407/080186
benefit from reduced |evels of Creactive protein
(CRP). CRP is an acute phase protein and el evated CRP
e epr=vel :
ketocét) z@i‘% éng%g@%é% t{? P/zftf/s¥ al?leti-‘eggé;@ltger i (ﬁn%per egﬁaggt%g S tetabolic
syndrsrylslgemnra:lly alsd haveadleaited Shhiesiic triflanminmtentthagnngeoes desisk in these
ods .for reduction stem c inflammtion in .
patle%%ﬂ'?efﬁr NG GreStcn Cruttic ﬁheaqplesbyna&awaﬁ?lgt“.r%ﬁi. R systemic
inflan@hattdh8n 2Rsé PatichtNO 2008/ 042898 PCT/ US2007/ 080186
ket oconazol e enantioner to the patient. Patients with
[0015¢i t r@RPolfevctlyp@nzb@ma@émre@ igr a nearigbyobf @ssayyndeﬁ@ably, the high-
ave el evate d%e infla

sensuﬁ/ﬁtgt Ireﬁng\)l gré)gelrt) Assdy isysed, “in oneem r(T)]dfment apa rﬁ'}:a* wﬂﬂ plasma CRP

levelsCgifetlieP i@CR0amgdl $£asisidetdty (e Rbvd hl%w@ted &RP nﬁw{ezqwat@ﬂ Yystemic
treat the systemc inflanmtion in these patient
inflanprogiosy  breng empbpdimenh op renipyenfioadthe rPaﬁeIValﬁltEﬁaSﬁddfsmg the 2§,4R

ketoc%?a%?%s%naﬁ{1&];lgxr ﬂplré/ducé hﬁ}lh 19\!'5[ (31?{%‘% drstlalYll {h¥ pcitleﬁtascbkilselevel at a

assay Is used a pati
reduced lelelpl darmvae @R‘Bodineanelaspagleﬁta\tmhi plabian CRFOIeK@é lgrdager than 3.0 mg/L

consi dered to ve el eyated P indicative of syste
is Conﬁlﬁﬁli‘eéﬁﬂ%@\recﬁ%evar% CRE kgt ﬁtste&fwfrrf@nrm}&ﬁlt iBRNE ﬁlghodlment
a patiBRtW@N blabBa tCrl@afe%’ls Ysihg tMHE4 %Sné/B is %@ﬁ&@&é@ﬁphﬁ/e elevated CRP

enantioner to reduce CRP | evel or mai ntain the
indicabixe iof nysteniCRPflaewatiomt Iraoner gdbmhnhenteaeplaywntlmt}opkasma CRP levels

area S g E B eoEOePhcPelofo Mol Ba BAYER OF systemic

1nﬂarﬁrﬁ§ti(ﬁxatlh\(ﬁe %b@&ﬁﬁ&lm acpdu@ﬁﬂ @mtds@la cleeQe@ greater than 10.0 mg/L
enbodi nent, a patlent W th F asma CRP | evels greater

is congiqgned 40 baveglevaias CRR endieatia of sy stravie indlayaaton. CRP

{0016 ndi lgla})ﬁe a?r{é)l ?15 ?ﬁ%tﬁod p{#omghéﬁw 'ﬁé\?cgle%lagnosm a Ipa’uen‘[ as

d1abet1d51 i) Sdé}lmﬁghg or sh:;gmnsngl ehe gaﬂieﬁnt have rﬁh@\bﬁtr&dmﬁ&l? of his/her CRP
indicative of systemic inf]a tion.

level ezmgioe}l}r@ﬁmlmséew IaeW?raW‘ft’f?aBY fﬁ’ﬁtl‘@?ﬁoqeeﬁ?g Itt; g &8t kgtoconazole
enantfo'ﬂ%? éelg RofDide - 0B en‘fﬁ@a%} Q)?E@lgastt‘ﬂtaﬁys‘? el evated CRP

fve of syst c ‘inflanmation [0016] In one
[0017¢xanjpl @ ¢xaephettho hethvdoinvelsey {i) 1deaief}t1mg yi dpgoosing a patient has

._di agnosi ap nt..as di.abeti.c, identif r..
having OB R F o PSP D8 S" FIFEReRte B relei e Acsik o Tedlction of
CRP Ivell Bed (iRRiminY&In fg aaﬂﬂgraﬁéﬁtichllﬁgﬁb&iv%t(ﬁ'éé Bﬂth@ 2S,4R ketoconazole

therapeutical |y effective dose of the 2S

enantk)@te@é@gaﬁromelOOerﬁ@ﬁtmgdwa(et lgast lﬂrd@m)loo - 600 ng/day

I d
[OOISﬁmt h &Epnie%\%glltng gth(ea}%(é?l%fle vPlfve ﬂg{}igptl exa ard é?gﬁlas%g ?he patient as in

need PREcli8dtionFCRINdviel) gnﬁf@i)amluhﬁteﬁilhlg Qt&ﬁ@fapédtﬂchlly effec’uve dose of the
i dentifying or diagnosing the patient as in need

2S,4R ketaeenagele gmantemper] @gel fromntP 1 |6p§) gl ARdh et Arlesry lé days). The
pso FAPRCHEAPE Y3 BEALNS AP B . ot
patierfftowitlatdidbe&s) a Ipghtigaty 8/ith metabolic syndrome, or a patient not diagnosed as
diabetic.

[0019] Patients with either of type 2 diabetes or metabolic syndrome also have elevated
total and LDL cholesterol and these elevated lipids increase the risk in these patients of

cardiovascular disease. Patients with type 2 diabetes are characterized by hyperglycemia and

insulin resistance and patients with metabolic syndrome are characterized by several of the



[0018] In one exanple, the nethod involves (i)
identifying or diagnosing the patient as in need of
w0 2apa04289 of CRP | evel, and (ii) adm nisteri nRCEUS2007/080186

therapeutically effective dose of the 2S 4R

ket oconazol e enantioner (e.g., from 100 - 600 ny/day

- OF. : 4 d T S
followl: Byl 3eedtl Bhicd, PRUnE GRS RARESpOferldifon, and
centraEEblmﬁb/e Inananyapdtients wiith bitldir alfeyees? deabp@s ioe mietatiolin syndrome the

ta [ dro or.a at | nt not di agnosed as
elevat%?&aﬁ Q?“D[%O%‘Pé‘]sﬁf%hair%ﬂ‘lag EeAfer of gt ype 2
[OOZOF' abﬁ{eeﬁe%t MRl b%v?&e@%&ﬂ@dsafo? Qre@ﬁ‘ﬂ&t@f‘g)‘éﬁérﬁg with either of

otal and LDL cholesterol and these elevated |ipid
type 1 dmbetas or tnmaquhsl@yndromeﬁa' pdrhingateringo? S, 4Bd@kmvw>¢mleaantlomer

nts A e 2 di apetes..

subst BHEFRTE el e, S5l Reirar R CriRadif ot gl dgsef from
100 nNde@Rtdge MhsraMht Ro it 3P @lehttnchy RELIIE AF&luchicd ACERIdstR6l levels

by several of the 5 WO 2008/042898 PCT/ US2007/ 080186
and a fegupiinn indSRE tesal pnwelb e Brpiared glecanigcarrdlast i ng

gl ucose, dyslipidenm a, hypertension, and central

obesity. In many patients with either of type 2

di abetes or nEREODESCRYNUIONTOFITIEE FeGER&ESed tot aI and

DL chol esterol are i nadequat ely treated. O

[0021br edére hvibRYS ofe pFdRA diisa nidtonBerk Al ao ctoconazole
5 t pe 2 di abetes or mst abolic
enanng;ﬂ/ltﬁgm 9@2)) (gl df?nﬁctt&%fmﬁg levdly,

nistering 2S, 4R ket oconazol e
[0022Enariigoee? smwlssﬁlaneﬁﬁa;ltlgf mrt“@HWed@Iagimimﬁatmﬁ ¢othe ketoconazole

cnantigit YOG GHEVE EHE B 08 CBYE TR LA Cr SSUFL

[0023] n ‘Tl%@t‘é@%lﬁﬁb iréh(ﬁ)ngllﬁﬁ)'i‘@d’e@ 1h@48hdmedtekia i 66H6dtd Rkeiving a
l evel , as well as inpr oved gl ycem c control.

two- V\@Rﬁ E@lrm@?ﬂb\l OF THE FI GURES [0021] Figure 1 shows

[0024L2te o@%l%rgg%l owgn hﬁt cef\fvec"te fa%lnt]exn ) Sé{.}ka mar t8n _of a ketoconazole

|oner ruc osam n

enantiogiée | (IO 2]n thguamlast@hma&d tLhBL&fli)leﬁErod)fle‘aelst V@emeid as %
adm ni stration of a ketoconazole enantioner (DI 0O 902)
changggompgiet ¢ hafchee. | evel s based on drug exposure (AUC

[0025&er Cli'%&)ehS [ 81%%%] thléI 4L e o?f §ht9&y(\55w[=:éke Qgﬁuﬁlgrdtmr o %dketﬂconazole

onmeostasis In su Jects receirving a
enantmﬁier $BI©-f90D 6 802 choB@A]l anil dLDle-cholsiienas 1dvils (pfdsaﬂed of change

istrati on of a ketoconazol e
mmgéﬁ%]ﬁ?tf’ (f‘ gﬁ

P%n total chol esterol and

[0026% DL ﬁg&le9§tﬁ{o‘%}s {HeV ettt cﬁf QSWQQGI@%drﬁlm&%ﬁﬂeof a_ketoconazole
conpared to baseline. [0025] Figure 5 shows the effect

enantipinea (D ID90Rek lavets nf@RPatl on of a ketoconazol e

[0027Er[])ﬁ_ 'iﬁgqrergéf Ez)vgsl(%hgg{[zl%ft (Ié]r% gé%f’g%t eSt rlglln%kbarmacokmetlcs levels in

subjects receiving both drugs.

DETAILED DESCRIPTION OF THE INVENTION
[0028] The present invention provides for the therapeutic use of pharmaceutical
compositions comprising the 2S,4R ketoconazole enantiomer substantially or entirely free of
the 2R,4S enantiomer. "Substantially free" of the 2R,4S enantiomer, in one embodiment,
means that the ketoconazole content of the pharmaceutical composition is less than 2% of the
2R,4S enantiomer and more than 98% of the 2S,4R enantiomer. In another embodiment,

substantially free of the 2R,4S enantiomer means the ketoconazole content of the



in ng chol esterol per deciliter plasma). [0026] Figure

6 shows the effect of a two-week adm nistration of a
whezisoesavol e enantionmer (DI O 902) on | evel s BET/TSRI007/080186

[0027] Figure 7 shows the effect of DI O 902 on

atorvastatin pharmacoki netics levels in subjects

s B 0y 580 R TR o

the 23, 4R dnbsti@pauin ancther ehb@limentcebstintially fmerqfdhetZﬂ?Q‘t& enantiomer

meané{%@n‘g{higﬁgle?o%p}lgz%&? g(gﬁ%:\r)}t:g ft]?pcgﬁagél%!é%n%@ ﬁcg)tn%%sﬁ@n is less than 20% of
the zr@ﬁ@eﬁdn%ﬁ{er andoMBRIBRT 8@ lo¥ e B4R QfadiifiegR 45

énanti omer, 1 n one enbodi nent, neans that the
[0029k et oTimn%&,@R deomaznic @mnmmmmdrpfacememml comppoEYIs entaining

[ than 2% of the, 2R. enant i.o
the 23635 G o0 B RGP OR A §F AR RaTecTBa PR kIO bnazole
enantipHRS taal tghathacehi @8y decépish 1€ Rl kS faRa N B4R B anfBABS of k&oconazole
ket oconazol e content of the 6 WD 2008/ 042898
may tmcwelgmgoazs/ @@@ms@i lrplﬁ’ngnﬁebman@mW@@ﬁ%?s‘iSﬂu aitled "Meghods And
Compttt)ﬁlglmissp ree%tén D%E%t?? ]\({Iagtggc%lo t ngAgB r(ﬁh%rr@cﬂldﬁpoﬁosofthe entire

contertsl B vaIthiagd ingoipoegedy fehgentia, 4‘36 @B AMRt keadvhazdleammtibihat may be
t he ketoconazol e content of the pharnmaceuti cal
adminaiprd 4t £ivgrety of| walsdaspenionnss issaucndies. 2rd Aatenafmdnyisiration, as
descng%ijg[{;?Phﬂ%tlgrq)%@%dﬁg&zs 4R enantioner. [0029] The
et oconazol e enanti omer and phar maceuti cal
[0030F o MPEHO-9EN'S aT usﬁda]nenemgrefel’seto 2SpHRnketuocd nazpdration of the 2S,4R
enant i oner. substanti ar. ent |y free of 2R,.4S
KetocqibppecaplrRer s oritel e Rl (ofrelts 5SIR R Rnazote
punﬁ&? GRRt alRl eacealid $n19furé h&d Z§ lérge@n?g%dt&“ﬁian@8%) free of the 2R,4S
ket oconazol e may prepared as described in PCT
enantipoist.i dAO-202 \M@Bmmsmteeﬁﬂqasq taplet Ne tisgaleensgrglly and formulated as
s For Treating Di abetes, Metabolic Syndrone
Showr}l\ﬁldrqga@%g VYldltl ons," the entire contents of %hi ch
are incorporated by referea}gel The 2S, 4R ket oconazol e
enantionmer may be administered in a variety of unit
osage forns, freGO@AEI®S  and routes of Pércentage
adfj4ki lsttoanbarde as  described in PCT Publ | 286i on
B0 6fRB8cro¢railihe ‘(B0 NF' (PassolssHD ¥9r ity refers
Q28R RIOABIORIAE OJF {8 BPRARFION of the 2S Ay
(P ONRIONE @TANRkpNer used in clinical [ al's.

PIcOga) SRS DESIa Ri TEREESPRASY ® pised—from
b e AR N SR A S T A O

\C 9| LELLLLA AL %Y

rel ease tablet to be taken orally and formul ated as

(00315 "V doRtal@P! & Hill BElaBPrecihR frat the data, observations and conclusion
reported in the Examples below are not intended to be limited to this particular DIO-902

f—r|—|1—l—n-

formulation. The use of the 2S,4R ketoconazole enantiomer for lowering cholesterol and
CRP levels, for improving glycemic control, and other uses as described herein is not limited
to this particular formulation.

[0032] "Co-administration" and "co-therapy" refer to the administration of two (or more)
drugs in the same course of therapy in order to achieve a type or level of benefit not resulting
from administration of either drug individually.

[0033] "Administration" means administering a drug or combination of drugs for at least

one day, more often for at least seven days, even more often for at least fourteen days, even



Conmponent Percentage 2S, 4R ketoconazol e 50%
Silicified Mcrocrystalline Cellul ose, NF (Prosolv HD
wW@0)s2e83 Lact ose Monohydrate, NF (316 Fast - RP@)/USDNZA080186
Corn Starch, NF (STA-Rx) 10 Colloidal Silicon
D oxide, NF (Cab-OSil MP) 0.5 I\/agnesi um St ear at e,
I [t I I
more pﬁen g)(? ?e%gtésngrrgg oﬁfgénaf)r(])(rj a{C %ﬁ%q%llglogtﬁs ren O&E)aéﬁ&' s&ﬂﬁt‘imes for
severdbyaamg) e's\dheh@mag'eoﬂ tddniinisemiledof'a daglto @i slubﬁl:ct @nt yrammatical
particul ar 902 I at i The use of . the_ 2S, 4R )
equw@é@t%@% is @Iléas BAY Ir%f fret Iagwmtr?éweh@ﬁ@étrw& £ %&Il?&mstraﬂon
d irdREcd &Y fhSirad A id ih@gi ngy (b R |F raaq fh8Mhysi
and L R R oL T G2, For Pl Ehysician
who ipslntctswbairenf or seiil aimionter p@ﬁ)@@ndymradldema pat[cant wath"a prastription
" CO-thera refer .to the adm nistration of two (or
for a 4pg g)ay% Fﬁé%nlﬁtﬁ”P%@eéié%to tgﬁpgtée gf therapy in order to
[0034pChi £Y@irAstiaYiBE oPla heM! gkmﬂ:ﬁﬂ?%ﬁ‘i@&h\te ARburlt @FUhé DBAR kétOEBnazole
adm ni stration of either drug individually. [0033]
enantiomgndytistantially trae ohthadR, Aaqd‘manpgmgrrqs géfeetivgrin greafing, controlling, and
atl on_.of dr for at St e
ameh(i;rél{Tb gcl g %gng)toglesvoefun &g%e);%s péirtlecHFaai té/pg ?t %1%@ ¢s, n%d?rr Rls{r%ﬂ)n of a
therapeOtid 1§ eatfedyS ameuietbf the WO ARORE6EHABAE enantlomer substantlally free of
PCT/ US2007/ 080186 _nore often for_at | east one
the 2RAP eqnantgnmeyt is |absastiTesting fﬂrrfgea@mg@ 1&39@)‘50“&?1 d*e]%ﬁ%tff%éhe group
S e r r
consisffil of SRR B HoRLS, M TSR ALRT in A aPACRCSE R of sueh
treatn@ht.t hi s phrase) rmy refer to direct adm nistration,
ncl udi ng sel f m nistration, and.indire
l00352dm 5 $hQ I‘bﬂleaéj Rl I;@%é oWk W&?&ft tFsepgeny with the 28,
4R kgf)é&azcﬁ@ren%ﬁ@ém&edraﬂqaﬁgélg‘ fddRBed WhOledtBD! NélkelsS 1ﬁ‘1proved glycemic
patient to self-adm nistér a drug and/or provides a
contrcﬁa&tndenduqmitl&tyeés cgfrCes@ptlm Pprotein fmdlal@t@rsu@]entgy Mmst patients with type

m.ni st.er i
2 o RO EUPEROA Sty RO Rpaley BT Brpbividl tyglged plasma
CRP @ rdab@velSroftih)k e agiaioazotievated gt e BRicosdl Thisabtemlid flammation
ree of the 2R 4S enantioner Is effective in treating,

is beligyisdr o p@rﬁgbutgntg thgmacregsest rifly of heardigyasewias difease. The systemic
1nﬂarrﬂ#1§po%t r%ge(%ﬂtl%ﬂl ?F&//X)é %ﬁg{ih‘?ibgésalgg(ﬁlgilon dm ni stration

i ca I've anount of the 2S, 4R
[0036ket oBmaZcml tiestant ieamaesdiui St @arpdctdd thaf adeinddfirativhef the 2S, 4R
2R 4S enantlomsr is al so effectlve for tr

at |
ketoconagplg cpaiiaRg o WepiRFTiof AhtMe(eg-dap Ve @Y%\ﬁew twenty-
six weg! blpio(Eg&]) %vdl agef; eff@éfﬁ%? %ﬂ% %ﬁh@éﬂh@ﬁ obSerPed ¥BNwo weeks
reat ne

patlent n nee SucC
treatment.

[0037] Usually the ketoconazole enantiomer is administered at a daily dose of from 100
to 600 mg, more usually at a dose of from 100 to 450 mg, and often at a dose of from 200 to
400 mg. Exemplary daily doses include 100, 125, 150, 200, 250, 300, 375, 400 or 450 mg.
An example of the composition of a 150 mg strength, 300 mg weight tablet is described in
Table 2.



[0035] As shown in the Exanpl es, below, a two-week

course of treatnment with the 2S, 4R ketoconazol e
wepmsvisoer dramatically reduced chol esterol |BUEUS2007/080186

i mproved glycemic control, and reduced |evels of

C-reactive protein in diabetic subjects. Mst patients

wtht So

i nfl arr?‘r%?eo% ?ﬂ% \?/[lot%v fg %#ﬁgﬁg@go ﬁ@é@gb@gbl tasma
CRP (C reactive p}oﬁtpena)t in addition toAst@maieg)
pl| 2SR Rétdesgole Thi s system c inflamatieom 1S

b1 RIRE] MALGOBL RN RILRSL I T ICT €asedagissk of ™~ =
Ccl&éﬂ.oggl@ﬁ(ﬁlg di sease. The syst emc | nfl ammation ig

R A ANART A A2 325 D S DA
tl’gorﬂ}n§ ﬁ}I\}F@TAﬁ Xhf_t he 2S, 4R ket map\ngpn! QH
endrmtlioilabpilican DAOXI%M(Q?@@&@I MfP) i ne e g . four
we ddagnesiwel StearaeeKE, twenty- si x_weeks| I& | onger)
vvi II have effects of greater nmagnitude than observed
two weeks _treatnment 0037]. Usual | y

th
10038 o AASTBRRBO i heo I &i7al8r PRALIOBRE o o algsgpqptioned dose
beneﬁ?faﬁﬁlr%ltg 5r9médQ19t1or¥ fh &%%sfggol 18RI Ec d % Bkelfhed Oéﬁnﬂﬁstratlon

450 ng, and often at a dose of from 200
of the4@tbowgazolex emqmlnamy:r daan yfoaifmsgmomm kiqxbebenaﬁplalljzsc;su%@n 1mproved
200, 250, 300,, 375, 400 of
elyeergisnErhsogrp gt 2 Coisg ity ASbwiaRGeR o Ko agre Soatigrer at n
aforerhéntidB&E BbReUEnbiiciallPRIsItLin BrodGrZ0B/ ORE88R1s compared to baseline.
PCT/ US2007/ 080186 = Tabl e 2: Conposition of 150 ng
As used heredft, H'be%@e'hg)eamr@ﬂevglamm toCenmpBerasmepiel Hierqnyg) In some

embo%%epts1 Jgogléq%%n %Z(get%nlu?e%rlglso u%i_eﬂs{ g(%) Q’%ﬁ%‘l"wﬁ% BX&B&' théljaSy intended to
reducdVhokym@roat gnd/d- irapibee Fglgtentic ogorfindl 2(ex@0d1lﬁg Stharapl, usifrg insulin,

(STA-Rx), 30 Colloidal Silicon Dioxide, NF (Cab-O Sil
glucagﬂgp?r fngogqvgéﬁggﬁrg,ﬁngf%ar,eggcé: 1qﬂaminaglopoo§agfessment ot changes in

marke‘??ﬂ'b%éﬁm% ahi 9 oes g&ﬁg% éﬁ@ Qfﬁﬁlﬁﬁapzs 31?154: BARE oAlm@Burements in

orementlone C|a ts in a
a singlegghtietti @nmiore aftai, bstedranl a $tatisticsllycoppificad averapasemieme of several

. .. .Admnistration he, ket aconazol ¢ enanti oner at .an

indivigfaly B o ROUPASSBIREHER ol 1P Bs 1T 81 FOTRSH B8 reduced

choleﬁér}éﬁ %Hy%e%géd&{ af PR of 6h PaaELIcARy relBhingStp 8F indfViduals.
of ket oconazol e enanti onmer at an = af orementi oned

[0039H0s dnt@en espect, ad lylvcrésml prevides amethad deor isAuding dribesteagklegels in a
diabete Ir)q%leng gy agmpna}s grmg a2S,4R ketoconazole enantiomer substantially free of the

o
<

2R,4S ketoconazole enantiomer to said patient at a daily dose of from 100-600 mg, preferably
200-450 mg, where 14 days of treatment results in a reduction, compared to baseline, of LDL
cholesterol by at least 15% and/or total cholesterol by at least 25%.

[0040] In one aspect, the invention provides a method for reducing cholesterol levels in a
diabetic patient by administering a 2S,4R ketoconazole enantiomer substantially free of the
2R ,4S ketoconazole enantiomer to said patient at a daily dose of from 100-600 mg, preferably
150 mg-500 mg, such as 150 mg- 450 mg, or 200-450 mg, where 90 days of treatment results
in a reduction, compared to baseline, of LDL cholesterol by at least 15%, at least 20% or at
least 30% and/or reduction of total cholesterol by at least 15%, at least 20%, at least 30%, or
at least 40%.

[0041] In one aspect, the invention provides a method for improving glycemic control in



As used herein, "baseline" nmeans the level prior to
comencenent of therapy. In sone enbodinents,
WO bws@edaspe” is determned in a subject not receCWUSH07/080186
anot her therapy intended to reduce chol esterol and/or
i mprove glycem c control (excluding therapy using
dlabedlé‘ﬁéiﬂléni‘b aglrlll%%glg g r%es%{ﬁ'g?r% r%%%lgseﬁllﬁﬁwmé}f%éggmg@%@e of the
2R, 4Stiewadonmmlaerdm&6mer totdarl pmmmmn aelaﬂyltiomfoftﬂmm a@(y60@1mgbpreferably

based on ement ngl e pa t or
150 mgr 3 Qhme sk as e Egh f*g‘?w& peafl @ﬁgﬁngnwé?reﬁﬁtdam sr.lt results

in a féﬁé&cﬁhf c%ﬁ%bﬁfe%' to bz%@hf{é difala 196A B |1@Ve9;eb§3ra@l19as9f0 3% and/or (b)
i ndi vi dual s. For exanpl'e, a clinical endpoint (e.g.,

fructosaime develcho hieksastridl an@iﬂy aiboih@s debtiog birodi glugosk dewals loy at least
15 gba statistically relevant group of individuals.
n“? 39] In one aspect, the invention provides a nethod

[0042!)0r Theshe Gispett, aho LiRshiesPprok RI¢E h $ndtibdfor GhpRERAdeCalPednhi8Rbntrol in
adm ni stering a 2S, 4R ket oconazol e enanti oner

a dlab§tm§@tm bylafipinistemnge 28 4 kezcwonqu@ﬁlw@éﬁ@zbwstantlally free of the
ZR’4S§%%S(%’88HHE eﬁe%tl% eg t(g ?2515 %Et%ﬁl@ dqa‘%/ ldX (g)fs §<11 1 O;@Bolpg, such as

., pre er a er e

150 nig-660 mpntl 50 @sgH 459 @, ar p@&u@ﬁly @00- 460rrpg,r where®0 days of treatment
basellne of LDL _chol esteraql 2% | east 1596a K

resulty g edueiine Sp@pEEd &b%ﬁﬁl%@&(a) b/ék[ lsulp Py 12k legpied- % preferably

at 1ea§ts@@67t ’anhré% RURO T QBLsPHRY) Cc{igé/o? (Wﬁh&gse{n‘ﬁg e NEFCHP Gt teast 20

chol est er ol evels in a diabetic pat i ent
umol/ddprefdrstlgrai ﬂ‘@sia?a(?&néRLkmd)mmmdseit derando urnei/L and/or (c) fasting
ketoco

blood Her Bl b o6 l65e Blietfle raeiablyart FaagangLs rgpfometimes

least 308pR00 ny, preferably 150 ng-500 ny, such as 150 ny-
450 ng, or 200-450 ng, where 90 days of treatnent

[0043} esullns sorpg gnb@ﬂm@n$oﬁw oehgiir td Wipnh akep¢anezolef enaptiomer  is
admir%sg%egﬁst treal?é/ L east, 15% at .l eas | east

u c{ﬂi‘ 8 a%t%h@oﬁga’(cemh%?%enf '8P ¢ 91 a%metg‘%nq”é ‘ast
[0044].5%In8(§ne| zﬁ;@&tt 2%mveattiongnstidéd¥matiod &r ﬂe&t&kﬁﬁg #QRbof developmg
0041] I n one aspect, the invention provides a nethod

vascu FllSPfr‘Fﬁ rbwﬂﬁ@mgqeye& Hie Seiksipsonarole ghanBopso SytIRREaR iree of the
2R 4Sﬁ§[ CH§§£)QJ LDSASAE: todhi ?&:ikﬁ\t Rl 980 Qfgﬁ)% @?(?28(5 ln‘%gpr%ferably

oconazol e enanti onmer su stant
150 Mdhg00 2R, 4shlketlc0 angzsl0eng At mg rET0 the, sza3(m pat-idS0tmgatwhere 14

days %ra%%% dgs?l agrha %%?@éoaﬁgqg\gggﬂﬁﬁr e ?é‘%gl ﬁ]@@sltﬁg%, preferably at

least ¥4pgr ﬁn(ili]ndii@)fﬁef&fabt}f SRR 5oL esAﬁrBﬁ'ustﬂaﬂoﬁ of §RIOKI4RNketoconazole
conpared to baseli'ne, of (a) Alc levels by at | east

enanh@rr@%smwnballx Er)ee Of ﬂl@cZPoé&hetneoﬂae«wleleaarbwrraﬁr dlemsor 1110:omb1natlon

. U nd/o ng bIoo ose | evels
with {8 peends S5 Bsgt PR P e JERIAEE pHEYF IRy BHovascutar
diseadel RMLEAS ridk BB hiiRdardfi idfBRIieY, Ie@ucgrhgfﬁ@rﬂsﬁ FRbk®lanl RediRing the
di abet i ¢ patient by adn1n|ster|ng a 2S, 4R ket oconazol e

risk f@rra‘msmdmah@u msqcaﬁwrpaanq/arrgﬂ@e of the 2R 4S
[0045 et 9g0 n%z gct n 05 Igrgvfi 9 IH&B(B(F B rae&ucmgd %Isll< %t developing
m 1

ose O
vascular disease by admlmstermg a 2S 4R ketoconazole enantiomer substantially free of the

2R.,4S ketoconazole enantiomer to said patient at a daily dose of from 100-600 mg, preferably
200-450 mg, where 90 days of treatment results in a reduction CRP level of at least 40%, and
preferably at least 45%. Exemplary daily doses include 150 mg, 300 mg and 450 mg.

[0046] In one embodiment, administering a 2S,4R ketoconazole enantiomer substantially

free of the 2R ,4S ketoconazole enantiomer to said patient at a daily dose of from 100-600 mg,

10



150 nmg-500 ng, 150 ng- 450 ny, or preferably 200-450
ng, where 90 days of treatnment results in a
WO 280428981, conpared to baseline, of (a) HoAl cP¢BUS1087/080186
by at |east 0.4% preferably at |east 0.6% and
sonetines at |east 0.8%and/or (b) fructosam ne |evels
L eRSte2 \ t

preferQMa/aZSOC())net | s%aslltHWa{sn#prﬁgédﬁérgEaﬁ C coﬂE 1 %ﬂ? Cr)eégzgg rElﬂh{geEterol and
reducdsl GBH. gl ucose | evel s by at | east 20 ng/ dL, pr ef erably

t | east nd.sonet i nme | east
100470 0 45100 b B FERTE TGS BERSTLh FEoblh B tally dose of from
100 tdE306QRAARI 25 LORBILONBScichantAMErNdueh 85 8dn S00BoSM0 mg (e.g., 150,
treated with an anti hypergl ycem ¢ agent, such as

175, 2681 325x b, 27[50311134]325 3 SBN¥ S 4P A0 or B0 makent i on
[00485r ovllrjltjog]fe € bgggrg(gnqbéﬁeé rérll %rlu‘fq H%fsnog F%r%{))égﬁ\/%at?gnt 19 whom drug is

admiri@éred a8 zahkine naithbtei®ferse DSLIENt hepaltitel sBR0BEndEEse (AST) and
2R, 4S ket oconazol e enantionmer to said patient at a
alkalipgaphasphifase GP)flevsls mothegmomalrange apenaih|j ongsmnbegdimed, at least

one hlwr E@UE& ?e%m% ile@gl @ST/%&Q(‘/KE of A% PBienftas rﬁg i 'Ehe?’rQ&rHig range at

days o t reat men resu fsin
baselmedmdrmmmltaﬁlanloéﬁmltha’apﬁt | east 15% at | east 25%

10049555 HoHTGF st DR BYCHHR TRSYAR R EVOROhAgoument of 4 diabeti

patlen@nﬁm{é OREhinddQ Rt ihdltab¥utldafe QfectiDe ARAS of 2S,4R ketoconazole
ket oconazol e enantionef, alonhe or in conbination wth

enantigtrige sulsgptiaBy fres ceﬂ the 2RyH &etoechazole, enantidroert to the patient and (b)

Limtatign rev n .of cardi.ovas
admirg e e eraRO BT, £ B8R FAPT P E s ShTleste RS g, Ma-Coa
reductabe kntbitcz! ' RKom@RAbLEEREsNGhet A8ounit |03‘kHIf/l‘Q}r CoA reductase inhibitor
revascul ari zati on Brocedures and angi na. [0045] In one

adminggigredtis gigater rihahtthe mpeusy | igdisatgd n@)trhtb@ patent dguthiengbsence of
adm1n1§t1%1§ zjé)fq&\/o%log&omeg Fné{l?i%ﬁllét ?% ﬁglz%e/ag‘g catoty ?&?" %H ?ﬁ%le " IO@% greater

ket oconazol e enan r su

(ie., 2-fidd g2&Atédpok eicveonhzeing: aenbodimenBrthé GINMEHCo Aatdrnise aihibitor is
a daily dose of from 100- 600 pr. eferzil"a1 y 200-450
adml“ﬁﬁere@\ﬂ%raepgﬁn&lé%%flgt @59% predtipmer iwhete pdmipigiragian of the

HMGYREA |r§dﬁﬁ:|ta59f1nﬁ51t$le%hld49e/ %oﬁt?aqndlga[tgé % Rl }5a@ént ifagd absence of
45% Exenplary daily doses 1 nclude 150 300 ng and

ketocdkﬁ@olngena@lﬁmeﬂ |In smme entbodinmaerty theadHMGl—@dmrnedgct@e inhibitor is

4R ket oconazol e enant i ubst gnti al |
lovasig S0 SRR DS 01 SOMRT GG, At tebntingptatn, ZD-
4522, @ahlvystggﬁe of from 100-600 ng, 10 WD 2008/ 042898
CT/ US2007/ 080186 preferably 200-450 ng, results in
[00501 nprféNEngAyI@émt@sed@hlbrtgts argilel paedeathonteist the alanagement of

atherogg eroglﬁevlgtscfuéar{ c[ seggfh ”l}hie en?fe t§ lﬂ%?@?lp ai{h%lalr? bxalbevgd (S? result from

their tdpadity 1O0owe #50-tMisterdN@ ISR KetveeaNazRisebeen suggested that
enantioner, such as from 200 to 400 Se. ., 150,
lowerg[rg5choif@tpr012§gne sgmot pxplainzgp of 3be bergfigia ?ﬂ%cts 4qfostat142 treatment.

Recer? rﬁnéél%s g‘gggest that statins invoke a generalized anti-inflammatory action (reviewed
in Lutgens and Daemen, 2004, "HMG-coA reductase inhibitors: lipid-lowering and beyond"
Drug Discovery Today: Therapeutic Strategies 1:189-194). The effects of 2S,4R
ketoconazole enantiomer on cholesterol levels and systemic inflammation suggests an
additive or synergistic effect when used in combination with a statin. Based on this
observation, the dose of HMG-CoA reductase inhibitor administered to a patient may be

reduced when a therapeutically effective amount of 2S,4R ketoconazole enantiomer is
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[0048] In one enbodi nent, after 14 or 90 days of
t herapy, the patient to whomdrug is adm nistered has

W@b@sos89am not r ansf erase (ALT) aspartate PCT/US2007/080186
am notransferase (AST) and al kal i ne phosphat ase (AP)
level s in the normal range normal. In one enbodi nent,

coadn‘ﬁlﬁls E@St Thiif biote&: e{sp&qt th@ rfn\';e%ﬁgrrgré)?cy (Bles( ﬁﬁulﬁld-rfloﬁ?éducmg the

ati ént was no he nor rang
amouriasfeh IHMC( ﬁDAoredtchasenlrfnltatOIr onquofedt foebé hdmpyt)ared[ 10049)]at1ent for

I n.anqt her aspect, the inventio rovi des nmet hod
therapgyticyGHiGRCYofald - giethodt cemppsipg efﬁﬂn BW(@% adﬁmpgwéc@llﬁgeffectwe

amourd 18§ @ReH&tb&?ﬁa&éﬂeeénaﬁﬁém&esmlﬂﬂﬁll)offreg%fﬂfae 2R.,4S ketoconazole

ket oconazol e enantiomer substantially free of the
enantigRer B K¢ @@uﬁazolre semargnitmagnentts thh ek Cent redn@aS(ebynhlbltor is

dm nlst rln eutl ally effective a
tovast Qi) S il s Ry ARRR s abSHATBIE o Sapfin, zD-
45Zg§pﬂem@ﬁppdlnents the anDunt of HMG CoA reductase

i nhibitor admnistered is greater than the anou

[0051] ndile ane@hproasppqafe tl‘ryamwgrmom ]proyﬁlés apsethed forf treatment of a diabetic

patlen'la%? ?eléf!i&r@%lg%?%} af e gr%ﬁ% K affere&ﬁ% (alg‘m%ﬂt (og ?Sd %Zlge/ tdconazole

enantlgmeamjs)annallynﬁree)of the ZRmBskanb@ﬂzmerﬁnsntﬁdiﬁerHNGheqﬁnent and (b)
~reductase inhibitor is admnistered to ﬁ$t|ent

adminystaaie,d HyrastBedadBicE ve ARt ople? Chpiesteroahiomptaary iphitater (e.g.,

ezuerrﬁﬂc) the HMG CoA reductase inhibitor would be
r%trai ndi cated in the patient in the absence of
Hm52ketdncmaﬁmteq&nanhémnenﬁmipnsmkmzenbddﬂnbnnmanhanwntofarmn—
| ovas

disberl Bt wi e pELoAURREP Y PR BB el ferfive amount

of 2846 W¥B8drakbIR enbhtnagtsabdtihtialPfre#A3he OR 451 dRARGiGhEMo the patient
0050] HMG CoA reductase inhibitors are the primry

and (by) adaimisiaring A thdﬁ@@ﬁﬁ%@eﬁf@nwwmomtrﬁﬁdéklceﬁeﬁi igductase inhibitor.
In sor% ?&Boc%ajep{s t%‘%%o%mtf E/R?fdoA re% ct’?‘lée 1tnhﬁ)1tto¥ ?gﬁlngggreg & greater

i eve O reés hei capaci

than thddmehiligEtesdior &Hd}iaﬂ@ht in Hoy\ebsefice dﬂth@@(ﬁniﬁmﬂtlon of ketoconazole
suggested that | owering chol%sterol alone cannot
enantigiast &5-8- aPYo rateheOhegericei H0%redars(ies 2ofokt gisater) or more. In

some Eﬁig 1%?1{3 the Egﬁ\ﬁ rktlolg r&ﬂfc&gé lﬁﬂﬁgﬁ% aalﬂﬁltlstére@% Qﬁ)atlent receiving

| NVOKe a genera | Zze anti-1n ammuat ory action
ketocdnaese enedtioniar whirg adnsilmmiltl@aeﬁf&]nf; HADG 4 0A HdBctaod inhibitor would

be cor%reag {:/ag? mr@lg%%!“&%ﬁglﬂéﬁ)@ d:d oner nglﬂ%{ig inaf%gpn%g 4130r 1H§strat1on

and najthl?mﬁﬁtfcﬁxc'&ar%le@@f Wd@%@%ﬂ@&@éeQnﬁl@ﬁﬂfS' REEEvaStin, 51mvastat1n
chol eSter0| ['evel s and SySten]C i nfl ammati on Sugges S

pravagiatin, afldvasiajie, ctorygseyi Bttsumstaﬂmedtavmetm u€ed433? and rivastatin.
nbination w.th. stat n ohs rvatlon

Inforngiin agtceging yibdeRichs e o Rral o DA DR R, LR zgs . the

absendeD o Ke@fcbBiHoldB¥ari®mebe U kRslviaa R iea@lnyaaemam@hﬂl Mthe medical
effecti ve anount of 2S, 4R ketoconazol e enanti oner is

literature (WG, gm(ﬁmglslapeﬂqls@@@wrwﬁww@c@m APgméDed.
[0053]12“ n dﬁn}&th%?%g L, e Ry dntioh PoviB¥C R QoL ERVEdE R of a diabetic
or reducing e

patient presenting with abnormal level of at least one marker of liver function (e.g., ALT,
AST or AP), where the patient is in need of treatment to reduce cholesterol and/or improve
glycemic control, comprising administering a therapeutically effective amount of 2S,4R
ketoconazole enantiomer substantially free of the 2R,4S ketoconazole enantiomer to the
patient.

[0054] It has been reported that plasma pharmacokinetics of the two ketoconazole
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anmount of a HMG CoA reductase inhibitor required to be
adm nistered to a patient for therapeutic efficacy,

W@ 2008/042800d conpri sing adm ni stering a ther apett/Us2h1/§80186
effective anount of 2S,4R ketoconazol e enanti oner
substantially free of the 2R 4S ketoconazol e
. i t i - | i "Ne

enantiS AN SQUREertR, SoSPREb G i fie SRROIETRLERRAL 4 Rhas now been
discowirerl thet dlid AR, 48r enaasemati i3, clédred deonatiroylatadroby db¢ divemmuch more

.4rosuvastatjn, itavastatin, ZD- .4522, or rjvastatin. . .
rapicly BB PR A o ehs SRS Hlort FPid RGREFO (3Gt R ghigtiomer wil
result M h MQhef RlertdBAL TR Mis ‘éﬁarﬁ*i_oﬁ'ie@ﬁ@&élﬁ}f)ar@@_ﬁd @BLSR Edhtiomer. Asa

adm nistering a therapeutically effective amobunt of '
result2gmiRsitetiiaceihe 85 4R canntimmersubstaniisdly dreeiodithey2R A8 gnaftiomer will
t.he 2R 4S ket o azol e .enantioner to the tient .and.
reslt s SRR BF RAGESPREN ehRPELrt SobPFel vERiniilon of te
racem@fe. TN, @8kl kelocalisOledt homidisibiediat Ee aCerfate the Cmax of the drug

ezitem be). [0052] In another aspect, the invention .
(sum gf both cagntzomgs gdiepaipcytrewill bawasnr than hefgrax af Hisedrpg (single

p e G . y 3 .. .
enant1¥3ﬁ1teepg\gﬁe%nt\’\%&é§|n[§£e%e/ %selil}éa i2\|$24}§§%a81%1§1neg ? T@%Fniﬁlpﬁgﬁrgiﬁ HdBinistration
of theldSt 4Rt emeariomer @ilhpioidocees losweb Shaaxtin dkpatodyteseandfredived likelihood of

2R, 4S enantioner to the patient and (b) adm nistering
any 1“&&%’89&@%&?%&%‘?%‘?31 ef fective anmount of a HMG CoA

reductase inhibitor. In sone enbodinents the anount

of HMG CoA reductase inhibitor admnistered is greater

t han the amount indi cat EKAMPLERe patient in the

Exam@ﬁilﬁ't - !_. ”[t ? iaglrg J.\ Rt ona% N ..,: gllll?s,ta,mially Free of the
0 U - LOUY0

gr eatrets KhanBomerPof REtBcHagde & XyHe 2 MAtRtes| N Some
enbodi nents the HMS CoA reductase inhibitor is

[0055hdni i Bhese €8 il an patiprtptwitle ey £ ndjabsten sreblitay otas conducted to
e SR QR AASEE AT, B PAOS D0l s R G0fn i sy

of th@p@Bi4Rntenamiohiee dblsn@@anile kdimeioleadobibsandiity dreerof fher2R, 4S

Illustration and not limtation, exanples of HMG CoA
enantipgfict ase i nhibitors are lovastatin, simvastatin,

[0056P" avagt Igﬂﬂ:lé}y o%dﬁ@es&/% {oneva_ %t‘ﬁ@%éﬁ%{yj zﬂlid tf)f%%ﬂﬁ?tgﬁtlh Raily doses

I tavastatin; 4522 and r1vastatin. nf or mat
of the @8 emintigmienii sohjects wa th typa2 dabes.cat i ons and

ppr.opri ate dosages (in the  absence qf ketocona .
1005780 PRCAEPTTE SRIFGHS 209 el VAT Sk Een (f g profile in
plasmiBS! $8!2S 4R BhAIIME {fRr B sinfREAABD alth ¥k C kARen [BAY doses. In

Ref erence, Thonson Corp., Toronto). [0053] In another

additige phecpharmpeodynareist dctiritp 06 Vouttesn glane dnsrg dfche 2B <&t ensntiomer, as

f,.a di abet.] atient presenti wi.th a L | evel .
retecft o, HSh Bios iy Rl BRRAD Y bRl RaUg Brasiiyfie stivary
cortisdiSEor@ikolARhdinphstRlih e epkdsedtt gl Gentib LRl @fuctos@ainREAbAlC and

~to reduce chol esterol and/or Inprove glycemc
fasting Blood glucosl§p?lf)si ng admi ni stering a therapeutical |y

0051, 98 1 124 % s BRI OLR BABIATRE - s
who cenidtédiiektullg):t he pati ent.

1) Ketoconazole ("KTZ™") 400 mg po QD (N=8)

2) 25,4R enantiomer 200 mg po QD (N=10)

3) 2S,4R enantiomer 400 mg po QD (N=-6)

4) 25,4R enantiomer 600 mg po QD (N=3)

5) Placebo po QD (N=6)
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[0054] It has been reported that plasma
phar macoki netics of the two ketoconazole 12 WO
wWQop8He42898 PCT/ US2007/ 080186 enanti oners arBCT/US2007/080186
different. As denonstrated in the exanples (see
Exanple 4) it has now been discovered that the 2R 4S
na L on by the liver
10059 nlﬁﬂr?t)odr‘ég‘glldlre 31& %a é‘ﬁ%?‘gﬁ%éénanu oner. The nore
r api«dMehreagea 6.0 of t he 2R 4S enantiomer will result

in a higher liver Cmax for this enantioner as conpared
to theemsr R Bhdenalendp.>%mals result, administration

of the i nti omer substantiallyfree of the
2R 2SRRI ToRET Wi 11 resuit 1n a | ver Omax of
ket QCoRAZ @80 MBRBERE MBRuS APHed t0o adm nistration
of the racemate. That 1s, when ketoconazole is

admeMisteHed 1aB.1%e racemate the Cmax of the drug

f_both h
10060 ol Bk e PRETCHY BR-ECHE BV DF 1% 2200 iy yrarkers

measufdleOn FHP F)ﬁBlefoegdrﬁﬁwttrlaﬁoggf R %ﬂ?rtt"{/%f[ef" HHdSast dose of study
surprisrngly dm ni stration 2S5 4 enant | oner
drug wad giver oolliby B M0 HCamkadtivithepakes yhesumd dnrRauted" Visit 3").

likelih liv t OXi Gi. af ., any se). .
Measisehopst BRouTes ke pveregait ORIk L it AtetB& Vigia 2 (Day 8) and
V1s1t4<g§ azol e Enantioner Substantially Free of the

% Enanti onmer of Ketoconazole in Type 2 D abetes
[0061] 005¥pasnrePrvdsieti vty weical A) glysamc{acmngot;m)whﬁwe i hpld levels (total

and LBL%%[% e%tser t3b) ;beolréggam?gltlr%%ng lﬂ%} 9%)32a m?h\é??ﬁ; }nglaltn?na 10

first hunan clinical study of the 2S,4R enanti omsr of
ket oconazol e adm ni stered substantially free of the
Glycemgg Copgrolenant i oner . [ 0056] The prinmary objective was
0 [ Il
10062},0 RAUKE UL RRIER ARPTS BUERAD g Pl e Bjure s
This tekit aat@s leelOS /dlychinel Isaoughatan yn@tqucmlth@amsgeﬂﬂood glucose level
term ne the phar cok tic rof.ile j pl asma
for & GPIGEhEV I R SRANE  oBR At dRroRE kg & lgtsdrchaRane Sommon in
dlabetﬁfst %oﬁ&fﬁ@ttﬁ@ ‘Eel%@glloﬁmdﬁ@@%um'ogr caOghidy QInFIteb@nt the development of
phar macodynam c activity of fourteen ‘dai doses of
serious e, XBIMR andanetveghsaase lalsndlwehllabMIéddlblyet@hanges in
bl ood pressure, total %nggb hoI esterol, CRP, plasnm

|n| nr~|| nn nl nhnl | A,

and cal i var cort S
reasur es of |glycem c control (fruct osam ne HbAlc and
f asti ng bl o¢pd %ﬁcﬁttooss | V4l s)|. [0058] PJ}%%}%) dose
groups werelstudied  The dosd grouns are as fqllows
N= subjectg P cohprelma tlhe208mgdy) : 449 mg 600 mg
et oconazol ¢ ("KT7")| Ad8=RY go @HIPNR) (N=6) (N=3)
Visit 1 HbAlc 6.87 8.05 8.18 7.88 9.10
(%) (0.664) (1.61) (1.03) (1.35) (1.64)
mean (SD)
Visit 3 HbAlc 6.92 7.68 7.86 7.70 8.63
(%) (0.897)* (1.47) (1.05) (1.42) (1.45)
mean (SD)
HbAlc Change vs 0.12 -0.37 -0.32 -0.18 -0.47
Baseline (%) (0.388)* (0.27) (0.32) (0.28) (0.35)
mean (SD)

*HbAlc in Subject 04-014 increased from 6.7 to 8.5; if this subject is omitted from the
analysis, the mean change in HbAlc is -0.2.
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2) 2S,4R enantionmer 200 ng po @ (N=10) 3) 2S, 4R
enantioner 400 ng po QD (N=-6) 4) 2S,4R enanti oner
wGOsHaEsp QD (N=3) 5) Placebo po @ (N=6) 13rP&NDUS2007/080186

2008/ 042898 PCT/ US2007/080186 [0059] The baseline

denogr aphi cs of the subjects were Mean age: 55.3
0063{CNUE! shRgh AYOTABRE d #3218 4BF HI10-9B2:BM da@Sprbduces trend
[ ﬁgan dﬁfgg}on g é“%s N@IP%tus 9ﬂ§/rearsa§;3ﬂeaﬁCCS renas
toward—lb&educnon & HBA[ OOB(ﬁ afthogpatéd thiat aibmelsuﬁtldzmef &g digr adlonger period

iven on 1 at 2200 h. Act
of imgeshell A8 VNG HEGRS MBI YRk ALY sl B ede iR tam dtiuig 0-8% or
more i(eleMv%'t(S bbelind €. | A3LasHPIS, @ttemctm oplatueaswa%o i ven on
Day 14 at 220 and actlv#ﬁy kers neasured on Day

(0064115 (Frygtesamige Jevelsvirarsumensy atotﬁasslafee@r;d plerkiaos waglgseof therapy

(see Ttgﬁfé: 4! Q}?d; F{\éluielstltﬁ )}i %SdFlgH?Og il}/omvki%hgaﬁigee\élsl%gf%uc%o %m11¥et Isellels for each
study WRJuB onAaydl ¥/ @(ﬁﬁﬂ)ﬁe@ﬂi’ﬁds@ﬂme h*)lglﬁ‘h anyes's IcHariglep[rdfrh@M@hﬁne levels
total and LDL-cholesteraol); bl ood ressure and

for eagRAYS tarciakePaxfl S icamparsdeldi bﬁﬁehr@ yE@ffosaisgtIpvls Fefleet blood
g
glucoieﬂgx%g o%@%éce%ﬁr%@ga%@ i{g@dcmﬁ% g‘l %’tg;z%sa&teﬁgég\ﬁgl)ee odafest in the
DIO-90euedasnaft gedupsat ed heanIobln and reflects the average
bl ood gl ucose level for a subject over the preceding
3 nmont hs (approximately). Elevated | evels are comon
in diabetics. Lowering tfg,hgnogl obin Al ¢ nunber can
delay or prevent the deyekgggﬁgk of serious eye,

I uucy, allu IICI VC u S20CAOTC 11 LA L VI ulal o Vm l II
i abetes. Thble 3: HoA | c Bl acebo KTZ &g ( N=6)
100 ng 200 fry 400 np 600 my| (N=8) (N= )O { ( N=3)
Visit 1 HoAlc 6,87 05 8 18 7,88 9.10 (9% 664)
1.61) (1.0B)Plikb85) KTZ 6a) | @26amg ID)400 mg 600 mg
(N=6) mg (N=10) (N=6) (N=3)
(N=8)
Visit 1 umol/L | 236.2 272.57 262 271.00 276.33
mean (SD) | (31.44) | (58.92) | (44.67) | (27.03) (63.76)
Visit 3 umol/L | 233.8 270.29 249.80 262.67 247.00
mean (SD) | (30.58) | 47.55) | (36.19) | (25.87) (34.04)
Change vs -2.3 -2.29 -12.20 -8.33 -29.33
Baseline (20.99) | (30.37) | (26.75 | (17.75) (29.74)
pmol/L
mean (SD)

[0065] As with HbAlc levels, administration of DIO-902 for 14 days trends toward a
reduction in fructosamine. Notably, other glucose-lowering compounds, such as glitazones,
may take several weeks for onset of action. It is anticipated that administration of drug for a
longer period of time, such as twelve weeks or twenty-six weeks, will result in reductions of
up to 40 umol/L or more relative to baseline (e.g., at least 10 pmol/L, at least 20 pmol/L, at
least 30 pmol/L, or at least 40 pmol/L).

[0066] Reductions in fasting glucose levels of up to 15 mg/dL were observed in subjects

receiving DIO-902 for two weeks (see Figure 3). It is anticipated that administration of drug
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Visit 3 HbAlc 6.92 7.68 7.86 7.70 8.63 (% (0.897)*
(1.47) (1.05) (1.42) (1.45) nean (SD) HbAl ¢ Change vs
W@2M8/0408987 -0.32 -0.18 -0.47 Baseline (% (0rPGBB}2007/080186
(0.27) (0.32) (0.28) (0.35) nean (SD) *HbAlc in
Subj ect 04-014 increased from6.7 to 8.5; if this

i A ]. e r Y, i h_ . C g .
for a TP Heib 8 G gk S, A0 D57 8 Masel PRz B R o ai et in
reductfd@ @3 JupAs 25H3PNumgIdl. dadnbee ]atiavd o basdinate.gn rafucHbd &2 least 20

for 14 days produces _tre toward a reduction in
mg/dL,gilpast zgt’gg/gfé’ﬁf"i 8?%3@@6&&?& admi ni stration of drug
for a longer period of tine, such as twelve weeks or
twenty-six weeks, will result in reductions of up to
Chole@e®Yd evels nore rel ative to baseline (e.g.,

at | east
00678 bt FET Fo DY’ o dipuET ad S Mo BTG g fgeat and LDL-

cholesédrbElevélWan YIRESdOEroLpEr 8RAYistidaf§&igh#iiadt, Hodd defendett @ crbases in
and 2). Figure 1 shows changes in fructosam ne |evels

total apg LA gE1vere pogpyvagrio gpbiesis megivie REX82ed to basel i ne.

Figure 2 shows changes in fructosam ne | evels

f or

each AUC tercile on Day 1 efe ared to baseline.
Fruct osanine |levels refl ect ip oof gl ucose | evel s over
t he—precedi-rg—2—3—woekd SOREIIEEC as i n £ ructosami-re
were greatlest in th DI O 90R treatnent_groups. Table
1 Fructogam ne DIQG 902 Pl acebo KTZ 40’6&?8?)7[)@ 400 ng
8) no (I\—1 Q) (I\I:G (I\I:Q) NESY \isit 1
mol / L 236.[0 Blasebg7 PEEZ 40pmgh 20@me3 [ n@lfmesp] 600 mg
(31. 44) (98. 9D50) 44 67N=B7. p3 Nt HB. 7p) (NFA6si t | 3 (WobY L
233 8 270 129 240 a0 262 67 2M7 00 meah (SD) (30 58)
(it 58/dide. 1982 25| 87P8.184. p4)2272hanpe 224502, B -125.3
- 1peap@SDB, [33 (2728) 33 i ne (20499)[ (381.39) [267878)
(17.75) (29.74)
Visit 3 mg/dL 197.7 164.57 202.45 190.50 130.33
mean (SD) (23.52) (46.54) (44.17) (33.00) (31.53)
Change mg/dL 4.5 -33.57 -26.10 -34.00 -48.75
mean (SD) (14.74) (40.17) (5.48) (22.74) (49.98)
Mean % 7.87 -15.46 -11.66 -15.35 -29.97
change
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gnol /L mean (SD) [0065] As with HbAlc | evels,

adm ni stration of D O 902 for

WO 29804280 i n fruct osam ne.
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0 mg7$00
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RQ\ /RR

7

Y24 N=6
2 198. 14

(Na&p (N
227.20 22

R\ //IR 4

4\ /')1

—10p7 44N=6
4. 50 195.

(Mz3)
B3 nmean

/ £8-0 nm

\fcit 3

[ 23.1538

=IOy

Tg/dL 197, 7 164 57 202 45 190 50 130 33 nean
ar(t]ﬂpag%i) th@hadn_glp}st 4gn @(ﬁ)drtcggﬁ_orggbong@q%@g qutpag such as

twelve X%eli%? %en}%@mé[\g%?k;ﬂ) ? ieés{‘lg S%Srl\g 1@@3 g?g&/ﬁ all &g)l Zf,éa)rol of at least

25% te bille6d 4095 aBdb redRbti@is in ¢ Rg®lesterol of at least 15% or at least 30%.

Blood Pressure

[0069]
Racemic ketoconazole has been reported to reduce blood pressure. However, no reductions
in blood pressure readings were seen either the racemic ketoconazole of DIO-902 groups.

Longer dosing regimens may result in beneficial reduction in blood pressure in patients

treated with DIO-902.

Markers of Inflammation

[0070]
Figure 6. A dose-dependent decrease in CRP was seen in the DIO-902 treatment groups.

Significantly, racemic ketoconazole did not reduce CRP levels and actually led to an increase

in CRP.
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Continuous blood pressure monitoring was performed during Visits 1 and 3.

C-Reactive protein (CRP) levels were measured and are shown in Table 7 and
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124.40 97.83 70.67 ny/dL1{(déd798) (37.08) (31.95)

(25.10) (29.74) mean.ASPhfshangSiohd. 91 -30.43 -17.20

-35.50 -41.25 g/ dle hddiviDrolehQcRP) (11.90) (14.71)
(36.32) mean (SD) Nean % 11.78 -24.73 -11.39 -27.44
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TR0 0 WENT 300 X We%@m W T QOB SY T
al eyl est@J_@JBL g ast  @p¥Hto

bductiond in L cho esterol of at

\=ss ngn $0%er flor >
’3. 3 cqgm %Pidé cmﬁcifé} efhas dj@%n

reported to| reduce Il ood prgssure. However,

reduct i ons Ln-_hl ood pressuHe readinbs were sleen

ei Vie? mefle | acémi c ket @dnadol & 6 O O@é’é grfo upg:03
LoA§#t Ssi hg (Fédi mens(Ifdy rles@-§7i n| beddf) cifal (5:23)

reduction i blood ppressure|in patiepts tregted with

pYerner phapeRP) Pedvel $ wer’é masu%% a

Talt @sdlingnd]  Fi gure|6. A dode- depend

CRP was seen in the|Dl O 902 |t reat nenf groups.
Si nnl ficant racem c ketodonazole Hid not rleduce CRP

| Eepglsof éﬁdn%{b rgappsjderasdnadgraggrriskrieyebsa e 3 mefl @mpigh risk.

[0071] Reducing CRP levels in diabetic patients is correlated with improved prognosis, or
lower risk of developing, microvascular and macrovascular disease. It is anticipated that
administration of DIO-902 for a longer period of time, such as twelve weeks or twenty-six
weeks will result in reductions of up to 20-50% more relative to baseline (e.g., reductions of

at least 20%, at least 30%, at least 40% or at least 50% or more).

Example 2: Absence of hepatotoxity and hepatoprotection with DIO-902

[0072] Liver toxicity has been observed in some patients receiving racemic ketoconazole.
In contrast, evidence of hepatotoxicity was not observed in subjects receiving DIO-902.
Moreover, evidence consistent with hepato-protection with DIO-902 was observed. Two (2)
patients with liver function test values outside the normal range when measured at baseline

normalized with DIO-902 treatment (see Table 8).
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W th 4@ PO0R was obsgrved. Two |(2) patlants W th
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treptment (kee Table [8). 18 WO 2008/ 042898
PCTI11S2007/1020186  Tahle 8 Hep

Refereip @oge 0V) SATRA4A: OFT 057 AP U3 s)  Subj ect Dose
Screening Visit 1 Visit 2 Visit 3 group Visit
(pre-1st dose) (last dose) (AST/ALT/ AP) (AST/ ALT/ AP)

Exam&l%%TéAMéﬁ@n l()ﬁﬁTI/nMJtiéﬁ)Study

[0073]

A 3-way cross-over study (80 mg atorvastatin + 400 mg DIO-902, 400 mg
racemic ketoconazole, or placebo) was carried out with a washout period of 14 days. As
shown in Figure 7, when plasma levels of total active HMG CoA reductase inhibitor were
measured, administration of DIO-902 reduced the Cmax of the total active inhibitor while
increasing the AUC relative to the atorvastatin-only control. Racemic ketoconazole did not
have as large an effect on the Cmax as did DIO-902. Total active inhibitor is the combined
amount of atorvastin and the biologically active metabolites 2-hydroxy atorvastatin and 4-
hydroxy atorvastatin.

[0074] These data suggest that concurrent therapy with DIO-902 and a cholesterol
lowering HMGCoA reductase inhibitor (e.g., a statin such as atorvastatin, lovastatin,
simvastatin, pravastatin, fluvastatin, rivastatin, itavastatin, rosuvastatin, and other statins) will
result in a reduced Cmax for the HMG CoA reductase activity relative to the racemate or
atorvastatin-only control. This allows higher doses of the statin to be administered to a
patient whilst avoiding side-effects that would be expected if the HMGCoA reductase

inhibitor was administered as a monotherapy.
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[0077] The invention, having been described in detail and exemplified above, has a wide
variety of embodiments; consequently, while certain embodiments of the invention have been
described herein in detail, numerous alternative embodiments are contemplated as falling
within the scope of the following claims.

[0078] All publications and patent documents (patents, published patent applications, and
unpublished patent applications) cited herein are incorporated herein by reference as if each
such publication or document was specifically and individually indicated to be incorporated
herein by reference. Citation of publications and patent documents is not intended as an
admission that any such document is pertinent prior art, nor does it constitute any admission

as to the contents or date of the same.
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(30ng/ dog) intravenously. [0076] Blood was coll ected
fromeach dog prior to dosing ("O mn") and at 2, 5,
wamosassds 30 nin, and 1, 2, 4, 6, 8, and 24 hrBCT/US2007/080186
post -dosi ng. At each tinepoint, blood (0.3 rL/sanple)
was col |l ected and placed into | abeled Mcrotainer a
What ks4085,e0;:L-h heparin as the anti-coagulant. The
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t ybes he derive as sanpl es wer nalyzed .for .
L Aomeepd oF st Sl LS8 s Saberian rotel St Sitiro Srsgid method
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enantiReieo sdstantikldy Enant theral. 4 setogonagele renartiontralté spidfpatioft at a daily
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dose Oz];\f & rln&gné %gqt?lng:%?rfai%ngtsb%( >hours. The correspondi ng
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(2S,4R) and 1442 m /hr/kg. These data are consistent )
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i i [ hver  Sieqndf er than
clovatf) B8 Ll el B e on S AP e SR T
hi gher Crax for the 2R 4S enantionmer within the liver.
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3. ﬁ\%,hw ?*% Jodt 2 apisrondhs Rtionh BB dRP Tqvghereater than 3.0
mg/Lintraliver Cmax attained for the isolated 2S 4R
enantionmer will be less than that for the racemate
and as a consequence there is reduced risk of |iver
d e Wwih. the 2S 4R. enanti oper as, co t
4 ABRARAMA TR r e GEERYIRRERS RPlESPRR L sl gater than 5.0
mg/L.been described in detail and exenplified above, has a
wi de variety of enbodi nents; consequently, while
certain enbodi ments of the invention have been
d ' Lnd etal ] .. £ alternative
5 oaBeeBE e bR bR D L e
scope of the following clainms. [0078] Al publications
and patent d?cunents (patents, published patent .
6. aa&e methadqpislaimplgwherpin he paticatis dicansedapigh meppliniypdrome.
cited herein are incorporated herein by reference as
if each such publication or docunent was specifically
7 aAdmethdd of deatingya paighcatted 3tloydoexy howtipdglataed cobreryeierA (HMG

. by. reference. Citation o ublicati d patent . . .

CoA) dhifian TG SO O A BT A s Pl My pbitor and

a therSpéecABCRNVe ABoRR o DREIR! kddddoBhzAM EnanfiBhetl@®Stahlially free of the
constitute any admission as to the contents or date

2R ASoketodrmazlaepat WD ¥0E8In0R2svge PETHUEMO 108 oadstasyirdibitor is
differ%n‘? tfgcl)nq ! t%ree gdo:%esé elré(ili(o‘%téi %:\rt hq%g%ﬁ%{?{ﬁ{ %e{g%:els gt%gr?%g{) §g§,|4ﬁ k&o&)nazole

atient | such

enantio@i¥P hdBinigrademi ni stering a ket oconazol e conposition
conprising a 2S, 4R ket oconazol e

. The method of claim 7 wherein the HMG CoA reductase inhibitor is atorvastatin.
9. A method for treatment of a diabetic patient comprising:

a)  administering a therapeutically effective amount of 2S,4R ketoconazole

enantiomer substantially free of the 2R,4S ketoconazole enantiomer to the patient; and
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enanti oner substantially free of the 2R 4S
ket oconazol e enantioner to said patient at a daily
walomeesd rom 100ng to 600 ng for at | east 14 BIEHES2087/080186

The nmethod of claim 1 conprising identifying or

di agnosi ng the patient as having elevated plasma CRP

apyl | BanaRdels LCMHEcM SXELRE fmbill! HMIRLARR erdHlowering

he nethod of TtTlaim 2 wheréin the patient has a plasma

HMGECRmIr@luetasgmedil@rtdﬂharpa@erm ng/ L. 4. The nethod of

i}g{gél?z tl}vc\ahhag%o?gl? 8% ﬁﬁ@(/e]_ oAgpetdﬁiEtassenJg{l ; gfc’ & mlélilséerﬁ;f %eéreater that the
amouﬁmﬁf(ﬁéaﬁbdt f6r R@hingdtatibs 61 BEfdtient b tﬂ_@f?ib!i@ﬁ:@%L &fministration of
claiml wherein the patient is diagnosed with
ketoconazalssnprtiosyaidr ome. 7. A method of treating a patient
with a 3-hydroxy 3-nethylglutaryl coenzyme A (HVG
CoA) reductase inhibitor conprising coadninistering

10. t Mae ithddody ¢lgidiot wb@einrddintihis@atioinst the HMEr@@e uéduetikd Shhibitor
ef fecti ve anopunt of 2S, 4R ket oconazol e enanti oner
wouldslgfbgqrgquacpqt%ﬂ nethe pétpen[t e thesghsanse jod radmHgtrasios of the ketoconazole

tiomer, wherein the dose of the HMG CoA reduct ase
enanu%HﬁIPbl tor is different fromthe dose indicated for
the patient in the absence of 2S, 4R ketoconazole

11. nt Iq%}rquec{]%fa % I@gkfrhraetéeldlgﬂ} alg]gl(;}r Ejﬁﬂbn?ehgﬁ%gqeglfnhl%litgli‘ 1@ s?elected from
the gj‘élﬁf VaRbidtihg): of JovatafiR! rb‘?rqvis@e[tmt I Gl Aediin Oﬁu@asgl'nﬁbeitbﬁastatm
patient comprising: a) adm nistéring a therapeutically

rosuvestdting ttavastatinpdint4 582, @@ riRstkén.oconazol e  enanti oner
substantially free of the 2R 4S ket oconazol e
enantioner to the patient; and 21 WO 2008/ 042898

12.  PCT/ 1522 0Reth&B0dBGlail) 1adriHtéh efHeNHMGLOSA apaltiasal inMibitor is
ef fective anount of a chol esterol-lowering HMG CoA
atorvas@flfict ase i nhibitor to the patient wherein the anount
of HMG CoA reductase inhibitor admnistered is greater
that the anount indicated for adm nistration to the
13. patie® mathbdheofihserniag of naddiabetst rtiemn vath elevated cholesterol
ket oconazol e enantioner. 10. The nethod of claim?9,
COMPI#BE-ei n admi ni stration of the HMG CoA reduct ase

i nhi bihonamweytishde aRRMJaiOUreatd abfduhh@rPadgd, @ﬁt kétBeonazole

t he absence of admi nistration of the ketoconazol e
enantiengn sluhstmtlallylﬂree dftbe ﬁﬁtwaoﬁorﬁlbrap theOpatighteandi n t he

HMG- duc% ase iphibitor 1 ftsel ect ed ftr }thet 11 :
or oup QOB RGESt TEBPERTtly PSR 48Pt ¢, 2 cholesterol-lowering
HMGRC&N aéiiu@tals@mhfﬂu@v &ﬁﬂhé&)ht'ilent,at orvastatin,

wherein the amount of HMG-CoA reductase inhibitor administered is greater
than the amount indicated for admistration to the patient in the absence of the administration

of ketoconazole enantiomer.

14. The method of claim 13 wherein administration of the HMG-CoA reductase
inhibitor would be contraindicated in the patient in the absence of administration of the

ketoconazole enantiomer.

15. The method of claim 13 wherein the HMG-CoA reductase inhibitor is selected
from the group consisting of lovastatin, simvastatin, pravastatin, fluvastatin, atorvastatin,

rosuvastatin, itavastatin, ZD-4522 and rivastatin.
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rosuvastatin, itavastatin, ZD 4522, and rivastatin.
12. The nethod of claim1l1l wherein the HVG CoA
WO 2@80428%% i nhibitor is atorvastatin. 13. A neETos2001/080186
treating a non-diabetic patient with el evated
chol esterol conprising: (a) admnistering a
therapeutic effective anount of 2S, 4R ketoconazol e
enanti oner substantially free of the 2R 4S enanti omer
16. to thenghed Emttreamaent lof aablahienic pagerit nogesanﬂil’l‘gwabelbnbmail llgvel of a
ef fective anount of a hol esterol -1.0 n HMG CoA
markef g ben SRR Bherein i PRI frohied Sl Blent (R gedeg chplesterol
and/oPfimpMeeCoRrcEffUChA8A, 1BMpBkInEr adAi sidriise %eﬂleka%egt'i&lﬂ&eéffectlve
than the anmount indicated for adm stration to the
amoupfapf @At4R Ketonenagplseeraatioher hebstaatrally dteeaef e 2BMS ketoconazole
enm“%e%pgﬂgﬂfou%ngnantloner 14. The nethod of claim 13
Wher adfm Ai'stration of the HVG CoA reduct ase
|nh|b|tor woul d be contraindicated in the patient in
t he absence of administration of the ketoconazole
17, enanthegngthod etclamn &6 wbewarthemagkaiind i3, MErsiAP -t he
HMG CoA reductase inhibitor is selected fromthe
group consisting of lovastatin, sinvastatin,

18. pr avAastathod, fo | tuestiag ad idigbetit opatiast abmprising csluviateaingna 2S,4R
itavastatin, ZD-4522 riva [ 22 WD 2008/ 042898
ketocgnazol eﬁ@afr?mroi@etan%@ %eﬁ@tf Hﬁa%‘& kplesenagAle @yentiomer to said
patierd 'atag’%ﬁﬂf dBRL 4 eRdm RDBS0hE Oy Mér&il 2N Q5B urd LY Beabherd results in

mar ker of liver function, wherein said patient IS In
one, nmedlaofonﬁr@a’dlnﬁrthe deiOWGIEJCG chol ester ol and/ or

e sk r TR e PR SRRl R0 @

ket @&ﬂ@&@n%f@m@tb@a@ﬂﬁne@m&tam&gt&ld Mnélr@&nﬂlﬁarw@) baseline;
2R, 4S ketoconazole enantioner to said patient. 17.

Dhe dredisidoropt dasiing blevduabicesenlevple afeatikdenst s mefil agmpared to
baseh% AP. 18. A nethod for treating a diabetic patient
canprising adm nistering a 2S,4R ketoconazol e
énant feducidn S WIHL el ésedrblyoffar Rastafs%s tempiRedHo baseline;

et oconazol e enantl sai d atl ent at a dai I
505@ ugtiogaf igsal %@%smaol Oﬁﬁb%itab'é) cPARRERH te&aﬁeé@eoefnd
br eaf B oGS ¢RIl d of Qf‘l%ast BRéEe gedotB%’asé?llﬁleal | of

the following: a) a reduction of | evel s of at
| east 0. 3% conpar ed to basel ine; b) a reduction of

L;g c oﬁgtrgog efolr et\r/eealtmg da abetlc a;?attle%to cgrrrrlglnélhg ngr;l]i]lglrsteegmfg oa 2S,4R

ketoconazole enantiomer substantially free of the 2R,4S ketoconazole enantiomer to said

19.

patient at a daily dose of from 100-600 mg, wherein a 120 day course of treatment results in
one, more than one, or all of the following:

a) areduction of HbAlc levels of at least 0.8% compared to baseline;

b) areduction of fructosamine levels of at least 40 umol/L compared to baseline;

c) a reduction of fasting blood glucose levels of at least 25 mg/dL compared to
baseline;

d) areduction of LDL cholesterol of at least 30% compared to baseline;

e) areduction of total cholesterol of at least 40% compared to baseline; and

f)  areduction in CRP level of at least 45% compared to baseline.
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c) a reduction of fasting blood glucose |evels of at
| east 15 ng/dL conpared to baseline; d) a reduction
w@rooBDE28gthol est erol of at | east 15% conpared tRCT/US2007/080186
baseline; e) a reduction of total chol esterol of at
| east 25% conpared to baseline; and f) a reduction in
20. CRP | ??lméﬁflOCﬁBf !:lgi?ﬁtw O/%)C@Ha@irneﬂ.etﬁ 4H@§9(Iob(5}ﬁizol%%nafﬁiomer is
met ho or treating a diabetic patienf conprising
admireiered nsd éailyndpsaolBo#iR S0keg océiangl e enant i oner
substantially free of the 2R 4S ketoconazol e
enantioner to said patient at a daily dose of from
100- 600 ng, wherein a 120 day course of treatnment
results in one, nore than one, or all of the
following: a) a reduction of HbAlc levels of at |east
0. 8% conpared to baseline; b) a reduction of
fructosam ne | evels of at |east 40 unol/L conpared to
baseline; c) a reduction of fasting bl ood gl ucose
| evel s of at least 25 ng/dL conpared to baseline; d)
a reduction of LDL chol esterol of at |east 30%
conpared to baseline; e) a reduction of total
chol esterol of at |east 40% conpared to baseline; and
f) a reduction in CRP level of at |east 45% conpared
to baseline. 23 WD 2008/ 042898 PCT/ US2007/ 080186 20.
The nmet hod of claim 18 or 19 wherein the 2S, 4R
ket oconazol e enantioner is admnistered at a daily
dose of from 150 ng to 450 ny. 24
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