VI TAM N D3 AND ANALOGS THEREOF FOR ALLEVI ATI NG SI DE EFFECTS
ASSOCI ATED W TH CHEMOTHERAPY Rel ated Applications 5This application
clainms priority to U.S. Provisional Patent Application No.
61/ 147,549, filed January 27, 2009 and U. S. Provisional Patent
Application No. 61/239,003, filed Septenber 1, 2009. The contents of
each of the foreHUTAMINID A ANAL M6 TRERRIBOF HOR AJIENIATING SHHL r
the Use of vitamn b cEibbeRassoliFTRDSVFTh HERGIHERAC, " "
t hereof, having cal cem c and non-calcem c activity, admnistered in a
pharmaceutical ly acceptabl e manner prior to the adm nistration of
anti neopl ast Related,4BPHGAtOPRat sol id tunors and/or |eukemia. 15
Backgroung of t heThi@\éFﬂfc‘a%h claims gﬁ@HQQ%US.%&viéiQﬁalPﬁt‘éﬁ’éA@c G4, are
constantly being devel'oped and tested. For exanple, vitamn D3
g_n ﬂ 0gs thav teéé/rié?,g@j tileg Jameary %I%%ﬁ%@ﬁc@m;tsmglﬂ?afm Ag;llqaiwrggpqcéilglt)s
ifferentia e sed. | L2 ]
(calcitriol )8E%§1956% f_@géle%:ggeg{r%ﬁ}s_’tz\rﬁgge@e_t %nﬁeﬁﬁg)geac i(#gheer 8%1%’?%??%%1 1003
al one and i nagdebibyaidogporated in theit @miyetgt i nul ating factors in _
Tygg?g¥§gbgshlc glsordfrs_(NDﬁ).hln }‘acta a neLhodbto téeatleSdmith
: y admi ni stering high pul se doses has been devel oped to
avoi d hypgr calaaiitaFidide nost significant side effect of this anal og.
One issue with cancer treatnents is the side effects that acconpany
most 25avai | abl e Theprsaehdisclomgepyidesior e usgelotiomie Denewpendereph a5
nusual 1y bi ohemras T e gute e fr T A A e A
?ihsti Pgui sh lbrldmmem : led1i_a)ramillarrct ; @:Ieilt_'s:allyla'tdapthblepﬁohérfpap’ i ?Fj tll;@ad;ma; i ige"?tmmdq' " l:t; anti-
erefore, a el. i.n the RY r ase W e targeted by
chenDtherapeﬁ?ﬁ%mgﬁéﬁ%gg)%ﬁt%ﬁpégﬁwg?gﬁﬁ$$gﬁgg%lastic t her api es
unavoi dabfy cause serious side effects, 30 such as

chenot her apy-i nduced | Qsuppression (CIM, which induces anem a,
t | ut mbocyt opBArkergppd ﬁ%@?ﬁﬂb‘g‘ﬁp& , leading to fatigue, increased

bl eedi ng and an i ggfpesieshsfoslcahg SMEAMSconBhRG] he@ibSdeveloped and tested. For
Accordingly, it is desirable to provide methods for reducing and/ or

al | evi ating eFEnRe.qéaif a2 aralegs hayvrosrararst i phafiglé obgpuear dreatrienbasagtapy cell
subj ect s undgfrRQl g RLRHAREH Widely ERALNEREdied, 1,25(0H),D3 (calcitriol), has

20 been demonstrated to induce differentiation alone and in combination with colony

stimulating factors in myelodysplastic disorders (MDS). In fact, a method to treat MDS
with 1,25(0OH),;D3 by administering high pulse doses has been developed to avoid
hypercalcemia, the most significant side effect of this analog,.
One issue with cancer treatments is the side effects that accompany most

25  available treatments. Specifically, cytotoxic chemotherapies are administered
systemically to eliminate cancer cells due to their unusually high proliferative rate. Such
regimes, however, cannot distinguish between normal cells in their proliferative stage
and, therefore, all cells in the active growth phase wiil be targeted by chemotherapeutic
agents. As a result, anti-neoplastic therapies unavoidably cause serious side effects,

30  such as chemotherapy-induced myelosuppression (CIM), which induces anemia,
thrombocytopenia and neutropenia., leading to fatigue, increased bleeding and an

increased risk of serious infections.



5 Summary of the Invention The present invention provides nethods for
protecting pluripotent stemcells and grow h-factor produci ng stromnal
cells fromsecondary toxicity due to chenotherapy adm nistration. In
certain enbodi nents, vitam n D compounds, such as vitam n D3 and/ or
its anal ogs or netabolites, including, but not limted to calcitriol
(1, 25(0H) 2D3), 10AsmydihglyLis &diekieabhod pratide daehedsfar redwipy agéniatlevistingnd
stromal cells prjor_to e adm ni stration of ti-neopl gsti.c agents.
'n certain efSGHERERES o SRECUIRRRGE BEES BPIERATHTSRRE  on
(e.g., VitanmRepkBhafusE wbdusepnal ogs or netabolites) can be

adm nistered in a manner such that hypercalcema or interference with
anti-neoplastic treatnents can be avoi ded. 151 n other enbodi nents, a
patient' s<ny j lﬁ}'m screened prior to the adm nistration
of the su%j egbm\?ﬁrg%kk c%n&g)glund (e.g., vitamn D3 and/or its

anal ogs or net abollh¢ pssehhimvenioh pravidés nethmds éortphaeaipg ipheipottosserh oells and

protection, wt t eliciting a hypercalcemc effect. In yet ather
Brbod: ment s, Baasarshng fuoni B ERmSaEntrS spdlib fo Hemadiby
reduci ng chepmhivehanyr i IAdeELE epelidShopiQESE DRomPowhds,Eeed vikeinD3
treated with a chenot herapeutic agent which induces nyel osqur essi on
by admi ni st ePPHe¥ itsgnplees aupftERAitgningldBg: Ty aodifpitit o 681c¥ndi(LartDe3).
conpound@r  &phaniRGs WddeRle Dond GRaBHERS &nidk tind SfRAH LlIsPrios Q) Mat e
thereof. In other enbodinents, the invention provides nethods of
preventing ordmisdhtrefiprgofzBtitnigeplagtisiagertts.nyel osuppr essi on i nduced

di sorders in a sufj . beihng. W, f ' e .
t hat i nduces nyel @s%%%rn %gjlsbiIa glrl%& eﬁl}%aglggﬁl ni s%e??‘ﬁg"q‘[@ {;%ﬁtgggﬁgrjt'deoglt(ggh%

ef fecti ve anbinrindbf itaansidgart mefdbalitay) cambe aimiaisglearimacenhércat that
acceptable salt, prodrug or. solvate thereof. |In sone enbodiments, the
vent | on pr GUieELeeRE: HOBEHE s CULHT TP A ERABGFds AR ophi |
in a subjgct being dth@abdditichit, RpAREMPIPEORINSIE ey BYSdenbY prior to the
adm nistering to the subject an effective anpunt of a vitamn D

conpound or adpivisirHenefihembisgt Wi Casmpound (2.8 gl ard/eiits applogs or

thereof. Br hﬂab@ﬁé?ﬂﬂefé\bh%d&fenfdﬂ@th@%ﬁ%@l%se for p:otéé%ﬁ,%&oﬁﬂ&&ﬂiﬂﬁeam S
of the present disclosure will be described herein below wth

reference t ohypeecaldegie efbechher ei n: Figure 1Ais a
phot om crograph of, a; AL O AlmdH, 1RAhEHSE FIVERL hinbBdls f8Rnting or

20 reducing chemotherapy-induced myelosuppression in a subject being treated with a

chemotherapeutic agent which induces myelosuppression by administering to the subject
an effective amount of a vitamin D compound or a pharmaceutically acceptable salt,
prodrug or solvate thereof.
In other embodiments, the invention provides methods of preventing or reducing
25  the risk of myelosuppression induced disorders in a subject being treated with a
chemotherapeutic agent that induces myelosuppression by administering to the subject
an effective amount of a vitamin D compound or a pharmaceutically acceptable salt,
prodrug or solvate thereof,
In some embodiments, the invention provides methods of preventing depletion of
30  neutrophils in a subject being treated with a chemotherapeutic agent by administering to
the subject an effective amount of a vitamin D compound or a pharmaceutically

acceptable salt, prodrug or solvate thereof.



Sutilized as a control. Figure 1B is a photom crograph of a
colony of stemcells treated only with 1, 25(0H) 2D3. Fi gure 1C
is a photom crograph of a colony of stemcells treated with

1,25(0H) 2D3 in conjunction with 4-hydroxyperoxycyl ophospham de
(4-HC). 10Figure 2 is a graph neasuring viability of nyeloid cells by
trypan bl ue ®x=f DssaiptwntoftheRpodoge t o vari ous doses of 1, 25(CH) 2D3.

e ) S R VR B B b

vehicle (0) eofitheyfeteaphosphfigirdewndencal citriol (0); (b)

cycl ophospham de p| us xorubi cin (o) and 15vehjicle or

cycl ophosphani de B1EYEe 4o BARMIGrOgPh AR EPIPRY of uniregted stgmcgls that was
cycl ophosphaglifsg .99%85ti ci n and paclitaxel and vehicle (o) or

cycl ophospham de, doxorubicin and paclitaxel and calcitriol

Fi gures 4(a)-(c) PFigove iBds xphotanicrographiof agolokeoistambeallsdreated pulyivath
obt ai ned from Bgrrow cultures on day 22 during the first cycle
of treatnent b s with (a) 20 control, cyclophosphani de and
vehicle or cycl opErgnphhﬁusjaap}wminmwomphrof abolo(lgbéf sca t¢lBltreated with

cyclophospha doxor uhi ci n d,vehicle or c cIo

pl us doxor ubi @gﬁ()lg}%t}%%%wqc pet WItggg’yfI{?}‘y%eé?ﬁng]Pph‘}é B?‘I%@%ﬁg

doxor ubi gin and pERuiré 2% gragtimyeiiisd aammyqifeﬂﬁnﬁw&@ia %mt@?an blue exclusmn
doxorubi cin and paclitaxel and calcitriol. Figures c) provides

charts conpafit§igxpprarefgripasussiossef dRPEaHEBB I ned 25 from bone marrow
cultures on day Zﬁlgﬂi‘éslﬂg) Gc;]ﬁroilid%§5rag]¥scéoﬁlp91fm§t'h@% Ospeﬁl lﬁi Soutts éﬁ‘

(a) control, cyclophospham de and vehi cl e or Ttycl op I de an

calcitriol; (a8 trmﬁkw@aﬁwwmfdsmyalwwmam@e d@(mhicﬂﬁ @)rer and

vehicle or c ' | )
tont rol , CcyclERBIRANAE A8 RLASo 8K I RLEbEBIAELEL bols iR D)
cycl ophodphanetdele oﬂq;cdlrplhb:ip(bhnrﬁdarpmspﬁgbnubmﬁedndaﬂdml(c) hnd @) .

30Fi gures 6(a) - rovides c arts ar| n e .n f col_oni
OB a T R R L A e A SR Lo O S e T
of treat nent geforhildtis ami bibh(a&):l @gr&hrcghol (Gycl ophospham de and vehicl e

or cycl ophosphami de and calcitrijol b) control, cycl ophospham de
pl us” doxor ubi ci n Ew&reﬁé%?)cﬂ%m@wdewaﬁﬁﬁ@@mﬁ@mﬂwumhﬁsorg%ﬂ@wmbwwd

and cal c'trlﬁlom@aén(aﬁ%w%nawgbnd fjharm leémeé e %&‘tﬁ{e antgvﬁtﬂféa)

paclitaxel and icle or cyclophosp do oru icin an
pacl it axél apehtwwhlcyflophasphamide and @hgh@@ydéwwﬁh)mt#ﬁ ovicdisgrigh dplesntrol,

ggggﬁ(rji (F:lg ][ hg%c?gp?%%plﬂgguc}l CP r:Popchllulblc? Oynraitv%hlgf cﬁo;ﬁh%?ﬁ}aggdcv%lﬁ shdoxombu:m
ycl e cycldphospham de” an € (0)" or
and calcitriol; and {c) control, cyclophosphamide, doxorubicin and paclitaxel and
vehicle or cyclophosphamide, doxorubicin and paclitaxel and calcitriol.
Figures 5 (a)-(¢) provides charts comparing the number of colonies obtained
25  from bone marrow cultures on day 25 during the first cycle of treatment of rats with (a)
control, cyclophosphamide and vehicle or cyclophosphamide and calcitriol; (b) control,
cyclophosphamide plus doxorubicin and vehicle or cyclophosphamide plus doxorubicin
and calcitriol; and (c) control, cyclophosphamide, doxorubicin and paclitaxel and
vehicle or cyclophosphamide, doxorubicin and paclitaxel and calcitriol.
30 Figures 6(a)-(c) provides charts comparing the number of colonies obtained
from bone marrow cultures on day 32 during the first cycle of treatment of rats with (a)

control, cyclophosphamide and vehicle or cyclophosphamide and calcitriol; (b) control,

cyclophosphamide plus doxorubicin and vehicle or cyclophosphamide plus doxorubicin
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5cycl ophospham de and calcitriol (0); (b) cycl ophospham de pl us
doxorubicin (o) and vehicle or cycl ophospham de plus doxorubicin and
calcitiol (o); and (c) cycl ophospham de, doxorubicin and paclitaxel
and vehicle (0) or cycl ophospham de, doxorubicin and paclitaxel and
calcitriol (e). Figures 8(a)-(c) provides charts conparing the nunber
of col oni es oixt cElaigid]; hod tq)onmtbﬂmc}mahwsphamidb,tdwmgbbm ahdyadfagliaidg

tvel oo pon e ¥ide el BRb TR ad @i b S A Seiie 1 o1 ()

control, cycl ophoBjxacsi7is)-(e) pisvidex Saph c@h‘lpm&r[gjthvﬁﬂivoﬁjt@n@ltropml counts of
cycl ophospham de plus, doxorubicin and calcitrial; ontrol,

cycl ophosphamtﬁ%eat%\x@} ﬁﬁﬁce%%}?oof&)ayﬂpabééph%ee Ye&cge)@r
cycl ophospha deingichicaRd (@ 1% i8apiat B6iRhb d
15Fi gur e399( &%&)"%g?ré@%n dgs Ccﬁarts( 2?%%% gﬁosﬁ he nub nber of cl((:)lln(g%)l aens

obt ai ned f r onelbelner enstapbospbamidgpdus d@ﬁomhymwd@@lﬁmm@ (#handg&gdond cycl e

or cye opnosRdm R aRet 4 SR ES by KE AR BRAETE MBI,

pl us doxor ubidexarutscid au@bao(tﬂﬂelandchmlrmmho)spham de pl us doxor ub| CI n and

calcitriol; and ( COng.ro clo o ham de,. dox cin.and, .
20pac! i taxel and @iﬂl} 'df‘) W¥1d8% E%m?adjélb BT qﬁ é‘fot’luoné?fcf’%tamed
paclitaxeb amdnCithne |rﬂah'00.r| cultures on d@ Mﬁﬁwl&( RpordCycRlof wkal@eniCdTaith svith
conparing the nunber of col onies obtai ned from bone marrow cul t ures

on day 60 dur(q)ﬁgntfqiecY§@emhwéF anyehiqlegi Gyglephesphamife ang ¢ajritrig); (b)
control, cyc de ol
calcitriol ; %ﬁém)c’o tr P %ﬁph&%ﬁgg%&t@%éﬁﬁgi&n% cP
vehicle or cyigxcwpbidaph@mlqu&amd(@mo&@r ensicphesphardide adoaziphibisiin argnd  (¢)
control, cycl ophas i . O
cycl ophosphall%g 1tamg%n%or u %ecog%ycg%@%p@ algu?é;g% 0%1%&‘ ‘féac?i Pﬂ(e a%la f[cﬁll1 ed
Descri ptiidon of t hPigunesedis-@npibvidbectant canpdingahd mma:reeofmﬂommmddbl e
to chenot her for reason t hat .ar 0. i nconpl et el |UCI dat
Ther of or 6. mIOHY P HG o8 PR b Db 2 e R i
progeni tors QOEBHSA clofhSsphirRids ahd {@hiader dybl%pmgﬁla:ﬁlae @ﬁ@&u@@ioe (bhe
mal i gnant cells is often dependent on the patient's progenl t or. pool

bei ng abl e t 6oWiryelapRpspimsnioRivg despsthicig Apd vihidnermyrirehesphamidhalithen
repopul at e t'a&ém& B | EQYRhn@l &R EAE ey ﬂgsiuﬂhﬁ]ﬁésd&xgnﬁ?mm lized

by different growt tors. Maintalning su bal ance 1s a
chal | eng@0 nogtclitaxebimggiebicks dlaadommphahm@e dexdrahieio tand padlitexel dndrcalsduel ¢

gﬁg;rg? ﬁgr Sggl O?/ggslggl%% lr("gﬂ) )g%r ?lﬁ%n%lsags c#n?pag’lggglhgar}%ﬁﬁﬁg&;c%?on?és obtan'ﬁ:d
can have a n:ﬁ@ai bone marmmmm bhdays 60 slrulmlthmt:Mdafof ae&pmtm @ats with

rats with

(a) control, cyclophosphamide and vehicle or cyclophosphamide and calcitriol; (b)
control, cyclophosphamide plus doxorubicin and vehicle or cyclophosphamide plus
25  doxorubicin and calcitriol; and (¢) control, cyclophosphamide, doxorubicin and

paclitaxel and vehicle or cyclophosphamide, doxorubicin and paclitaxel and calcitriol.

Detailed Description of the Invention
Differentiated cells are not susceptible to chemotherapy for reasons that are
30  incompletely elucidated. Therefore, maintaining a balance between the minimum
amount of progenitors necessary to sustain life and the need to eradicate the malignant
cells is often dependent on the patient’s progenitor pool being able to withstand the toxic

onslaught of chemotherapy, and then repopulate the bone marrow and allow the
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Per haps the nost radical exanple of this phenonenon is bone marrow
abl ation, a necessary treatnent for sone types of |eukem a. Bone
marrow abl ation has alarmngly high nortality rates, nostly due to
secondary effects of extreme CIM Thus, a reginme that protects normnal
myel oproliferative cells would | ead to 10significant decreases in
bot h nort al i Pipgamtbriiertsirarbilzed by diterens graveh fastops. t Maigtaiieg wish apelenss 198
cancer. To thy t i ALl i Lfi

chet her apy A5HISFEUSp B e RBHAGEEBecrSHEL R BREL WiEachor s
are in favor em@lgedieadihg fordxamplenweiensaded doteh of cieenotferapyplestoycles, wad the

agent to nodul ate nornmal bone rrow cells j.s that it may .interfere
with ant i neopSRarE VSIS e drst RN gRalVe A qahe HEHR o viseme of
cancer 155reghgat.on. Thus, CIMis nowadays treated enpirically by
decr easi ng chenot her apy doses when white bl ood cell counts are )
critical, and by Buhthiiths mastiicalpmmmie piabis phenossann kdors maproyhlation, a
eryt hropoi et g.(ER) QUG Afes GIBHRINL! BENE thAMHE 8 RAHIL BrarrfiRlI
exanpl e, neutrgpseﬁﬁaeagaergecreaszﬁ%? {'lﬁe neutr0|53hr|h£f1 granﬁ ocytemcouﬁg
bel ow 0.5 x hgd/migtabtyratss mesply duetd setandayeffierte of exti@n€SHM.
(_gr anul ocyt e- col O’?P{uss‘ll} rpijr}l%latn otfegtghglr alzgf%o fo’l'ff{?aﬁgjelc!:: r@é&lc‘i Wad to
filgrastim | enograstiny. I'S* appr oac has Fed 10 SKort er
amel i or atld onsighifieant desveases in Hotteyiomality el myrbidityiagion §it patidntsbuirttlgitfe@ht
unpl easant side effects to patients such as fever, chills, extensive
bone pain, wHTEH OF GHTER ArBdra et RGNS P 28 Progifted ¢ gotherapy
anti neopl ast bfotdddRraad Yhe Us€ B£lditfereat Q2GR GPRTRIC FRtAEAMAL id Pavel Orief o theABain
wel | as an oherous social cost because of the high expense of )
reconbi nant &¥icery fanhe psef apraRstiveagest &, modulate norpgkbang maewasHe istthat
the inventiog prAvAes B AAHSpMs:PEEYRMN B rdPbre HEGUEL BE chances of cancer
chenot her apy- i nggceﬂgrryvg?%supplpegtsl?o"n ?n a Sll:lbj&gct Eag%ng ct ?rtlacg% 8dca\?\,1c§tlh
a chenot hgr apaitsion. dest Civhisalowiadajs trestedrympivisal hryedesicasindghemotherapy
adm nistering to. the bj.ec n effective .a nt_.of .a vitam B
conpound or  SoshaPLeBl PEET rloehe Site B CaR Y st tetink ST Bt e
t her eof . Thesuchrg GaQSF achagmidpeictip YEPOTiiscedntemet chem phe@s s imincddGnbhia.
includes a decrease in the nunber of hlood cells (e, g., red b]oo
cell's, whi t bl BomPEClLoPLR L derers b P Dh e PRI Sy (?'ﬂét
occurs upon _tlﬂjgﬂél)tdaﬁﬂéirﬁ;lﬁroaecﬁwm Sakhevit GICIP Garul dbHeofdhS ¥RIMDRKAP Bidtdr C
agents that induces nyel osuppression. In one enbodinent, OM causes
anem a (89g. e-gdaesfilgrastie. fje@ptapdenqgrpstime Rhigppproash haglgd iy dhedetel | s) .
Symptoms of aReididlfihd! dowdRF, sRY B Gury USHAARAR bulth Bl Al RS,
poor concentrafgllgacl)n,1 "Short ness dfﬂ%gre tcﬁfryhed’rt pgti Sllgtato?o s? antgli na,
pal | or, t achyifentdiopatiemsisuchnslfesier, emllaegensye honk paianwhible rwhenisoup owed
Cl M causes neutrqpeni,a (.e.d.., due to.the 5 degrease in the r. of
et r ophi 1's) "R AL srEreiapBBaledid AerRn St R drilp ol VR ke, 8L
i ncrease ri skehhs SesefauisisodisichbtRcake 8248 hixh ekfaned Sf redombitnutslens,
di arrhea_and sore throat. In yet another enbodi nent, Cl M causes
t hr onbocy? opfMYlating igctorsque to t he decrease in the nunber of
platelets). Synptofs iRbnd %m&%@&%‘;@oﬁﬂ&llﬁ@ﬁ)dsBpgre%ﬁﬂgbﬁredﬁﬂng
i ncreased risk of bleeding, purpura, nosebl eeds and bl eedi ng guns.
10The | anguagecmysicsapynindurgd awelospressies in heaubjact eing trgtedrwididpr essi on
of CIMor on . ' it 0 :
7 eduot | on, » CripEaleuds AR OTcR ARG HhfRiosbbirtion by acrhic BRAH A ubjec
al | evi ation _aomeﬁfmipd: etheurivbh voamahiDeonpfoudtl b Dphanmeceoticahiy mecepiabistsalts
assocli at %j Wp}ogm%%@'solvate thereof. The language “chemotherapy-induced myelosuppression
(CIM)” includes a decrease in the number of blood cells (e.g., red blood cells, white
blood cells, such as neutrophils and/or platelets) that occurs upon treatment of a subject

with one or more chemotherapeutic agents that induces myelosuppression. In one
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15The term "subject” includes mammals, e.g., cats, dogs, horses,

pi gs, cows, sheep, rodents (e.g., rats, mce), rabbits, squirrels,
bears, primates (e.g., chinpanzees, gorillas, and hunmans) which are
capabl e of suffering fromC M In one enbodi nent, the subject is a
rat. In other enbodi nents, the subject is a genetically nodified
manal . | n yembedioenet M eheds anamia (etgqed@m@ﬂweclﬂat@eén the mumber g T¢reblood

(279008 oy PSR PR b bR T LRAER, AL pRARRL for
tissue mas S) cmﬁ:enirdtmnl sheatess afioedth, eait phipmztticms, angina,giatier, tackycastiftihd

chenot her apeuti.c ents e t hat _treat | e scl erqsis,
der mat omyosi £ard la" Béf ?‘? %nOﬂFfi’jBﬁ’%’O 1@8@%%@6? CHPEUROPENIR (et cfluerig the

suppr essi gn Qécréefsé’-ﬁlstﬁé ﬁlﬁ}hbél%lfﬁ@ﬂtf gﬂﬂpt@ﬂ@ of F&ﬁmmhfdQEfor example,
chenot her apeuti c agent includes t ose 25 agents that induce C

Exanpl es of éhéwiserrdisknd seveee iatrehensor sapsis devers; moud:ulgers, élm'fh?q(%ﬂlda‘iﬂeng

agents (e.g S

cycl ophospha%lgdt mﬁora%&%ﬁﬁ&%ﬁu ?Jmf%%éa%%g%ﬁd{%@gﬁ ? e. g ,
p:,ll‘l tne I]Ic< olr dztavqsé m,thamahbnr@[ﬁplaméqts)ngpmgpuﬁmﬁﬂnmmboqytoppgmammhuﬁe@)

pl ant al kal oi_ds i ds _such as cri e,

D1 nbl act i ne. comfaf o e bednaaoF safatleftigMeddfe coms | ave
and docetiaxel ), pmhlsalﬁhgﬂag@t‘lﬁmdﬁang €1d” ,inehdep disd e stdnpchrtsepireeivh @ CIM or
t opoi sonerase inhibitors (e.qg.,. anmsacrine) and anti-tuonor

anti bi otics PR Y MOgIRPPRB REeR2ted BN -ci n, epirubicin and

bl eonyci n). In soik RAARGE "RBESion ! fﬂ@ducehﬁﬂ@&é&ﬁ&ﬁgeﬁ&m@@tﬁ@@&ﬁmgm&ade
doxorubi cin, paclitaxel and/or cycl op osEham de and any conbi nati ons

t her eof . a qvnﬁtl@n@r eqrplete seatioratipneo neroa peuR $YRiansseaiated with
cel | -cycle spggific agent. The | anguage "cell-cycle specific agent”

i ncl udes chenot herapeutic agents that target a 5specific cycle of

cell growfh. In oThreuenteﬁhbwctmmlsdesuﬂmmdiem@t mausapgﬂ,tﬁocseagmgst caves, sheep,

f | fi |1 - |
Bgent™ i ncl ulBEn Fhu o PR R CRER PORRBLLe Gr Orengr e Etires
~ of cell growkkhd hipxagpheish @ﬂ‘e capUbEPEGUffbien gCfedrh CEVIC IR opganb&ihat) teleubject

for exanple,  allcylating agents such_as nltro en. nus
cycl ophosphaffiadat ToiKr srbedimehdhe tbicris piehes 1%1 %ﬂ%ﬁﬁ(ﬂmamma? In yet

10chl or a”UbUﬁﬁc!th&@Hlbthﬁﬁfname@% e&'1§£ﬁ§xﬁ&i{ eas (e.g., carnustine,
| omusti ne and stregfn]gzom n) al kyl sulfonates (e.g., busulfan);

al kyl ati A@-1ike ad gquagmqhea@tf@ra@put@talgmt” whﬁewramﬁwlameaqugn
oxapl atin, Qﬁernﬁ%%ﬁlgounﬁ?%b i&h{%'n%{né E&o%v S bh %1 ué% e fha %?e‘&%%'ngﬁ

and aItretamne e subjec elrng'trea
W th a conbi patcenantdfottsanethst hﬁoﬁgmmlemomglemmc(agergs (e. gmh:& tteltamultple
chenot herapeu ic.a Accor i

on of .

Chomt her apoti e SQEMAomAR s Uiresit [¥hug SFmBfud Fieloggd freguppression
cel | -cycl e nefrrapglanttiecta@e)ia on®emBodiRei| Mathaibthdigyeats adntintROGUEGR
"treat with a chenother ageut ic agent"” includes the adm nistration

agents that induce CIM. Examples of chemotherapeutic agents include, for example,

alkylating agents (e.g., cisplatin, carboplatin, oxaliplatin, mechlorethamine,

cyclophosphamide, chlorambucil or ifosfamide}, antimetabolites (e.g., purine, for

example, azathioprine, mercaptopurine, or pyrimidine), plant alkaloids (e.g., vinca

alkaloids such as vincristine, vinblastine, vinorelbine and vindesine), taxanes (e.g.,

30  paclitaxel and docetaxel), podophyllotoxins (e.g., etoposide and teniposide),
topoisomerase inhibitors (e.g., amsacrine) and anti-tuomor antibiotics (e.g.,

dactinomycin, doxorubicin, epirubicin and bleomycin). In some embodiments, the



to a subject of one or nore of chenptherapeutic agents in a manner
appropriate for 20treating the condition for which the

chenot herapeutic agent is being adm nistered (e.g., cancer). I n
ot her enbodi nents, the invention provides nmethods of reducing the
risk of or preventing nmyel osuppression induced disorders in a subject
bei ng tr eat eghespatherapeyiie agentsanelpdadoxorubigem padlitaxe] indédhu cgdophosphamide and
nyelosuppresghf&ngmnﬁﬂﬁlﬁkﬁ%gring to the subject 25 an effective
anount of a vitamn conmpound or a pharmaceutically acceptable salt,
prodrug or sol vat i drieefrbolliment, the chB@othangeiaigagent is a cell-cycle specific agent.
"nyel osuppressi on-i ndyced dj sorders” includes those disorders, and
synpt ons of tsfﬁg?aagga(gpd keyclesped %Eﬁena’gn%{u o8 §Bq=rflot§qrapeut1c agents that target a

chenot her apy spdeiiecSeic Y SHIPSYRBT. G8 StHRPemBOGRRBAS Shddhemotherapeutic a gent is a
nyel osuppr essi on-i nduced disorders includes 30

nyel osuppr es 8Peesifieicribeyclarenta Thodingwgenaensaeciliceshl-ayglegeents inghides or
exanpl e, wea far i |.S8, L oR, s of
br eath, " hear ¢ oay nerpip S i Hratant B0 GRRETPLIGHLOR. EXARRREEES O
enl ar germent ) pomspediic cpbeyeksigents invtide ddr exauipte) pplating agents hudhres nitchesn
such synptons_as.,for ex le, an increase risk of sever i nfection
or sepsi s, f BUERIS (g it Tahamis MROVEERamye upr TR Jaeph
my el osuppo es shiorirudus eshdtifostarios hiteRenta (6.\uh cdhuistd, WikeisSrecdhdsy npt ons
as for exanple, an increased risk of bleeding, purpura, nosebl eeds
and bl eedi ng SERIFPEIN #Pdonley’ EnfRBaicHEns ; Pushiéamhdkduingpie sersh stk ced

di sorder is %sﬁ]ﬁﬁ‘ﬂ,Q&ﬂb@ﬂ%ﬁﬁ%'e@d}ﬂdtﬂ%%&&%ﬁtiﬁf‘éd&ﬁ@&ﬁﬂ b tribtid §leraRMQLN6F
enbodi ments, the nyelosu?presslon-lnduced di'sorder 1S

nmyel osuppr es SiosHbrABRAERI FaitRIBE on, nyel osuppressi on-induced fevers,
myel osuppr essi on- M&Hﬁ%ﬁlb%ﬁﬁﬁeﬁhs“%% %‘ﬁlﬁect %ﬁm&&%ﬁ%%a%‘ G de

di arrhea and nyel osuppression-1 hduced sore t™hroat. e [ anguage

"nyel osuppr esknmthdragutedsentsf(egt, mord' thamadeudemothafapatticapent). eAgordingly,

el ostppr es SRR eT St ReE PEPally SERTLEaY THOGE PUBEITspecific sgenpycel-
sonme enbodi mepdisnor dpecifiougunts, O gUntbinLdies tieeddiods of preventing

depl etion of neutrophils in a subject being treated with a L
chenot her apeut i ¢ aFeRPSHI$e 67 Witk fERsmRheraPaute aginh) aelpdesherdmipistration

amount of a v 4 abiedt & e BP /AL LherRoRE3HdHRE St CiRlal tfanhdf R:Ehétlélf&'
salt, prodrug or solvate thereof. The Tanguage "preventi ng

depl et i 0RO of reatingtiegueindision fercvhietethe chranaiharepentin ageot is Yeipp pdwbiistnedfe.g.,
the | oss of ggﬁ%5ophils in a subject that can occur as a result of
treating the subject with a chenotherapeutic agent. In sone

enbodi nent s, the hedthedmbodinichs, thaenttiorprpvidssandthddsef cieptieg themisbbf or
neutrophils by at.|east about. 5% . abput 10% about 20 15% ahqut 20%
about 25% aB%’ﬁ?m%‘é%yeiﬂ?“%%sd{"“égﬁ%cecg@l‘s‘a %Eﬂ“ %&J“b‘iﬁ‘%tb‘i#e%‘s 4% by
about 50% byhei@htirapebe adet @BGHIucEOMyelbippRedibn BPMmiRteARO W thd O¥jechby
about 75% by about 80% gg about 85% by about 90% _by about 95% or

by about 210098 S VE aREUHGE VMR sareround obyphasmasedisay aceeptgble salt,
"adm ni strat bRrug PebIWEAE Shereof.

The language “myelosuppression-induced disorders” includes those disorders
and symptoms of the disorders that occur as a result of chemotherapy-induced
myelosuppression. Examples of myelosuppression-induced disorders includes

30  myelosuppression-induced anemia (which include such symptoms as, for example,
weakness, fatigue, malaise, poor concentration, shortness of breath, heart palpitations,
angina, pallor, tachycardia, and cardiac enlargement), myelosuppression-induced

neutropenia (which includes such symptoms as, for example, an increase risk of severe

-7-



provi ding one or nore doses of the vitam n D conpound in an anount
effective to 25 prevent or reduce C'M Optinmal admnistration rates
for a given protocol of adm nistration of the vitam n D conpound can
ascertained by those skilled in the art using conventional dosage
determ nation tests conducted with regard to the specific conpounds
bei ng utili zédscticher prpsisi fevdramadmpoys.idiatiea hut s Bired), ortniyeslayepiessfon-
appl ! cat o, e Bl Bhed AHiGlnARE 46T WAL A0 il Ll Tl
dose. The | angtatislecdiny, §ﬁ¢uﬂpﬁ@eble€mlanwelsed1h\§glaﬂs)1 ni stration of a
dose of a vitamn D co nd re etlélvely adni éered over a short
period of time. Inonee SRRSO %Fe G589§F Sy tamin D
conpound admgfjefk s1bﬁ~1ﬁd%@ec§ﬁﬁ%h€ id. Sin B8t B 8Rr Adiméhid thd 9/ N2 and
about 300 jig/'n2, 1g‘lfopg(%ween about 1jgﬁltng/ ert?gttnd 280 jig/ nR2, between
about 25 Jugmloamrw@mndz:e@ﬂ qhﬁgfdms myplogiphesssietrngdsadanfestion he dose

about 10 |1 orRg s A R B RGPt SHALEE o BT, i

D conpound i myahbamppm;slenmﬂupcd @mﬂhe@ aadi mynlosmppaets'siommadmre throat. The

chenot herapeutic agent. The vita Qun b ni ste
chout. 5 hulSanfibroribisHit BlufeaTnRBE HitS hee TRt e esghs™
m nut es, 1about~cu§5s fieRult 65chembMhdfap@ ddedd myAERPpresidiodne for claetm@dmerapy

hour s, about 4 hours, about 5 10hours, about 6 hours, about 7 hours,
about 8 hour &9ugssiisetropedur s about 10 hours, about 11 hours, about

12 hours, about 18, é%%reﬁaboéﬁl%k e iRHGSh p@@ﬁb’st métﬁo&h%fﬁa?eveﬁ’tml&epl%ﬁon of
hour s, about 17 hours, about 18 hours, about 19 hours, about

hours, about nguraphily ia a sybigeitbein tigaigd ylth@@gmomsran@UKggeiﬁ o @timmterm gto
hours, about tl'%:%uﬁ[g&raﬁ eff@gw&tam%%gtnﬂ lﬁrv?tamﬂp}g %Emggmﬁ%ﬁ %hélﬂﬁgéu‘tlcié i on

hours, about urs or abo 6 hours prior"tot mnistr

of 15t he 16 henutehiablapalt tprairagentolvate thereofl n ot her errbodl nments, the
vitam n D conpoun adm ni st er.ed.at subst tlnme as
! he" chennt her apeut T HagEAF PEIES AFER F REAp s FEe SR Py
be co-adm ni sigi&sionbf the idse of haumebHRIARSBjES t}@geﬁioccﬁm aeJuiof fredding
conmpound may be adnministered first, and imediately followed ct)ngs t he

admi ni strati 81 Spictigivtehememsramer iseatt b e EmBRIUpeRSS, the methods of the

chenot her ape e @GN enY dBReAHBE %le&}@ﬁlﬁgb{r hin8dst a5 g NAHRG ﬁi‘ﬁlalﬂout
followed by the admnistration of the vitam n D conpound.

one enbodPnedd%. atwat 9% abont 35%@1?96@@% by alpaiP Fieshetheyt 25%. &y about 45%’
adri ni st ati 90 .06 568, GOANR! BAL AL CeBRRY b b g 7 ol

nmay be adm n| fere Autes out m nut es, about
m nut es, abolfi%30by aiont§@%, by2habidid, 4;5al:mut@ﬂﬁsbyaﬂmnu%%mhpabgméﬁﬁ%t 2

h , about 3 h bout. 4 .h . about
about 7 hours, abolt “aeRaL i REh: PN i, coaB T AR 11

hours, about pddidifdisie, or ak@éllostSoh@el bﬁamﬁ@bﬁmﬁoﬁnﬁl QUHiSamaROetFeciibe to
hours, about 16 hours, about 17 hours, about 18 hours, about 19

hours, aBout PHEYCHS FeduceGEl Optimphagdnunistgaianiratopfon @ given PEYRFGE °03 hour s
or about 24 hoHi$udfibeof thd SiARNDERJoRhd 8k REcrfallRd by those skilled in the art

using conventional dosage determination tests conducted with regard to the specific
compounds being utilized, the particular compositions formulated, the mode of
application, the particular site of administration and the like.

30 In one embodiment, the vitamin D compound is administered in a pulsed dose.
The language “pulsed dose™ includes the administration of a dose of a vitamin D

compound repetitively administered over a short period of time.



30 chenot herapeutic agent. In sonme enbodi nents, administration
of the vitam n D conpound does not substantially increase calcium
| evel s in the subject. In another enbodi nent, admnistration of the
vitam n D conpound does not induce hypercalcernia (e.g., too nuch

cal ciumor abnormally high calciumin the blood). In other

enbodi nents, the U toa%snOdEgmbe thedosssofvdaminy sPapamdadpjinitergéhto the
addi tional agght I eheny LN P ClEMe2 £ @r
exanpl e, bongﬁg Crtr%{‘%gv\gv&g%ggeﬁg?fc Lté‘g(?:rtns,z suctﬁt}g%@@ﬁghﬁ? er %b{l/&fﬁtlghi/?d ah®
anem a. The R&hggajebetetemmbont@Saymi mdubedt 260 ewing” Ti nihbumatmdanmmis, the
(e.g., a decreas mount of red bl gg‘fclF cel

in.the |.s). .t.hat occurs.as
Festi i of adfemdieialaBi B RontlarRes Rl né Suylhe et tig lagene
"an agent 5t haid stoun2@ agks chenot her apy-i nduced anemi a" i ncl udes
t hose agents that_treat, prevent, reduce or aneliorate i
chenot her apy- i ndufetIC&RERFEGH tratagyn PomBPE ATIBRET RIS . | n
some enbodi Medhdisu@dsh & tﬁé‘éﬂenﬁﬂ?e‘iﬁé)eﬁtli@égeﬁﬁ) Uitk &{t&&InD compound may be

chenot her apy-i nduced anem a includes growh factors, for exanple,

epoetin al f aadmingtdiehaivued mnytePayoub 0 gimaing eyt 2 muusyaboet 3Puniaviehg
factor (G CS . r .

bt cor e PO e i of RAIBE0 M, BER A GO0 ol PR, aBdlED.
of the cadébpotbods,abottttaiouanehmit 7 hewsssbanty larurs] bt £ s gabbutt 1 hposy gt
or reduce Oor one or,.nbre s 11 ) in a,subject. The
PR (B e T L S S B VST L L T

wei ght of t haossibedtl7 Hoig, dhoRe1Dhourd, hR&S 39 helrE . abeMe20HouR! £HoB8Z Yhours,
skill in the art wuld be able to stud%éthe af orenenti oned factors

and make t he2BRdt é¢ RPHEITPBI ZPdigursdtoyt 2heoves rdtt PO BOURHGAL 45thopeabout
vitamn D coppasid a%ﬁthﬂgiouﬂp%ﬁt XS 61%‘35@@6%111‘3%%'09toC)cH@adrrlinils‘Sl‘z_ition F\?éf

enbodi nent, the vitamn conpound is represented by Formula (
(1) whed&i nthe chemotherapeutic agent.

In other embodiments, the vitamin D compound is administered at substantially
the same time as the chemotherapeutic agent. For example, the vitamin D compound
may be co-administered with the chemotherapeutic agent; the vitamin D compound may
be administered first, and immediately followed by the administration of the

20  chemotherapeutic agent or the chemotherapeutic agent may be administered first, and
immediately followed by the administration of the vitamin D compound.

In one embodiment, the vitamin D compound is administered after
administration of the chemotherapeutic agent. The vitamin D compound may be
administered about 5 minutes, about 10 minutes, about 20 minutes, about 30 minutes,

25  about 45 minutes, about an hour, about 2 hours, about 3 hours, about 4 hours, about 5
hours, about 6 hours, about 7 hours, about 8 hours, about ¢ hours, about 10 hours, about
11 howrs, about 12 hours, about 13 hours, about 14 hours, about 15 hours, about 16
hours, about 17 hours, about 18 hours, about 19 hours, about 20 hours, about 21 hours,
about 22 hours, about 23 hours or about 24 hours after the administration of the
30  chemotherapeutic agent.
In some embodiments, administration of the vitamin D compound does not

substantially increase calcium levels in the subject. In another embodiment,



a and b are each independently a single or double bond Xis
-CH2 when a is a double bond, or X is hydrogen or a hydroxyl
substituted 25al kyl when a is a single bond, Rl is hydrogen
hydr oxyl , al koxyl, tri-alkyl silyl or a substituted or unsubstituted
al kyl , |ndependently substituted with one to three hal ogen, hydroxyl,
cyano or - NRadwmingdlaten @fsthe vitamin D coRgpopad ﬁ%ﬁl@b@ﬁuceﬁymfeﬁ‘}qﬂﬂa (e.g., t00
-0-trial kyl hy uted al kyl, al koxyl

or allcenyl, ﬁhk%é%%ﬁ ygﬁ%kifﬁ.gﬁgﬁ aﬁﬁﬁp%hgbto t hree halogen

hydr oxyl , cyano oin etNR' eEibommeats; 8 vitamin D corifdound isadeseintinisfersd with s a
doubl e bond” or

together wit ﬁdqlﬂ%ml ﬁ‘r g‘%BWEIaF%d&gﬂ%thelgﬁr‘Pé@dg%/eg t%’??&’ﬁ‘&%"%ﬁ%e&one

l'i nked tosf Oim15w731dmet@@ﬁhhca@ﬁsbﬁﬁéiﬁérh§y IndkgdWheniab The laagsdgegl e bond,
R4 is hydrogen hal ogen or hydroxyl R5 is absent when a is a

doubl e bond of em?thesamym%s%ﬁnemmla@ls#wﬂerﬁvdﬁ Ex 9 IdeqipRsR ipthp amquitiof gade

bond; 10R6 i ol K |,

cyel oal kyl,  DSPAFARS Ul ot & U SHRRRDIHARE (a hiopofiLiifihic sedth/ i

i ndependent | Yyangudget ‘pt ageatithal qmn@mtsmmmmthgaphwdn@dwhem@ mchhiaii thgen,

al koxyl, aryl . he ya

o Lubst 1 1 g bR GRL Hive Y 30Rs o ppbforfte AU Eera PPl BRerpin op gnd 6

with onelfo h{we@rdmwkhs)myiepf Halsageemb@dﬂnemy,l addaioy4l, aohetﬂent O@rnydracts

cyano, nitro or - R'R" go ties; . and, 15R ?nd R are each

i ndependent | §1°mf %5&?%&19@61%%? gigafh facters for egmplgyepoctimalis.

al koxyl. In g 3 ﬁ&gﬂ'ﬂlﬁ?ﬁblfgmﬂlodﬁe Sy tuladiRe fa&ormmﬂ |For é(al 1
i's absen (s -

doubl e bond, i's _a doubl e

are absent, K& alasﬂtdll%we agovyth fagtes ﬁiﬂh)ﬂs Gt@SK, GM-CSE, ?DQH(WFQ ér %PO a
substituted or biMt e, » Qhe EHAR WavaVs
substituted 20C5 fﬁﬁ‘%%édggéﬁrﬁgﬁ%§T %ﬁ%stltutggmé%ngﬁgy@?¥‘?ﬁnyor
certain éﬁrbodufﬁennis to priveeny o1t regricn (Moo onohoiessymgypmesse (1Rdinkysubjeetmliha

(11): Réa R7 %fftla:\c):%ve amount can vary depending on such factors as the size and weight of the

subject, the type of illness, etc. One of ordinary skill in the art would be able to study
the aforementioned factors and make the determination regarding the effective amount
of the vitamin D compound without undue experimentation.

20 In one embodiment, the vitamin D compound is represented by Formula (I):

@
wherein
a and b are each independently a single or double bond
X is -CH2 when a is a double bond, or X is hydrogen or a hydroxyl substituted
25  alkyl when ais a single bond;
R' is hydrogen, hydroxyl, alkoxyl, tri-alkyl silyl or a substituted or unsubstituted
alkyl, independently substituted with one to three halogen, hydroxyl, cyano or -NR’R”
moieties;

-10 -



R5a yea wherein c is a single or double bond; Rh i s hydrogen,
tri-alkyl silyl or a substituted or unsubstituted al kyl,

i ndependently substituted with one to three hal ogen, hydroxyl, cyano
or -NR R noieties; R24 is hydrogen, hydroxyl, -0-trialkyl silyl, or
a substituted or upsubstituted 5al kyl, al koxyl or al kenyl,

i ndependent | y subBt isthydeogemibiyprogle-Q@-¢riallyd sibyl her aogbstitutey o weybstitigdaley],
or -NR R' noLgtl8s, . : i

or are cach {dnonassnhniEindat SRERE G HOFP ued P LB B0
substituted or-NR®Rilstietiest ed al kyl i ndependently substituted with one
to three hydroxyl ,er hal n ieti when 31 ~single bond R31'
Rab, Roa, Ton. Bl i DB SR RABR e ol Brdigii B el S
hydr oxyl , 5hahggRhiogahéOxyt the caBos bk itd whieh ey atbstabedindttedinkbkisl form
independentl% substituted with one tao three hydroxyl or hal ogen

moi eti es, or JAnyeRbEehearReICliqe Whith bg 2 sipgle H98d3 j nked to forma 3-7

menbered car bocyckﬁﬁl{yhg%cn, halogen or hydldyRn exenpl ary enbodi ment, the
conmpound i s represent éd by Formula (I1); 15 wherein Rh, R3a and Rda

are each hydrogenR’ is absent wheramistarsonblebend iR Vis bydsoghnmhalogenton §ydroxyl

conmpound is ent: Formula (I1), wherein c represents a
si ngl e bond. Wk IR a{]Srgf?%/qeé é{r1<'§1|’10t her exenpl ary enbodi nent, the conpound

i's repredéented byRﬁisrameﬂit@pd omhsulsskinutel Akd, dBgayhakyhgs dycloatdyyl . 201 n
R G TN ST T MR
represented Bye Mgty okd, hhlogi)alekyl, &R hétsroBiytl c9x34, nitro or -NR’R” moieties;
R’ is a substituted or unsubstituted alkyl independently substituted with one to
three hydroxyl, halogen, alkoxyl, aryl, heteroaryl, cyano, nitro or -NR’R” moieties; and,
15 R’ and R” are each, independently, hydrogen, hydroxyl, halogen, -C;_y alkyl or -
C,.7 alkoxyl.
In some embodiments, R' is hydroxyl, R is hydroxyl, a is a double bond, R is
absent, X is -CHy, b is a double bond, R® and R* are absent, R® is alkyl (e.g., methyl), R
is alkyl (e.g., a substituted or unsubstituted Cs alkyl, for example, a hydroxyl substituted
20 Csalkyl or a cycloalkyl substituted Cs alkyl).

In certain embodiments, the vitamin D compound is represented by Formula (II):

(I
wherein

c is a single or double bond;

-11 -



I n anot her enbodi nent, the conpound is represented by Fornula (If),
wherein 25R7a i s hydroxyl. I n yet another enbodi nent, the
conpound is represented by Forrmula (11), wherein R5' is hydroxyl.

In certain enbodi nents, the vitamn D conpound is

1, 25-di hydroxywtam n D3 (1,25(0) 203 (al so known as calcitriol);

1, 25-di hydr oxy- 16Reneh321303cnetrleaikblledﬂlocﬁfsebsamtedawluasqwm@siy&lwyi am n D3;
| a, 24- di hydrox vit.a 9 oG | »

Ot her suit abl'e He enaner' Sup%’nftg{)wl\(gf) lées% él%? g%/lgf’&lvh dlg’%g’ cg%ll()n? 1mI\I(l:{sR f
vitamn D comm«imfegis i ncl ude, for exanple, those described in the
foll owi ng patents 28 ch, of ich |s_incorporated ref.erenc ts
entirety’ b, Pak” R gnsoish oI AR g ripdHe Shsbsdited
derivati ves) aids, 4kéxyl 2t alcbidyi hﬂ&iarp@ffdéndf EubéAfutedeitinielo thrderhatd 88, KRR,
greater in length than the chol esterol or ergosterol si de chai ns)
4,851, 401 (cyranepeBHo-09EEH n D anal ogs); 4, 866,048 and 5, 145, 846
(V|tamn D3 anal ogme . | o
chains); 5, 120, 72% (? :Mn %F%{E%a é}bfﬁdgﬁgé?gog?’%g%egéﬁwﬁép ibélfty hydrogen,
(f1 uoro-chol hp@rbmjrlflmiqgen,&tknprwm))surﬁf:dldﬁmﬁ%ti(umﬁwl irglgbatdentlyt ed

vitamn D); |va|ve nor - vi t.amn
D conpounds) Sﬂbﬁ}%@% i]hor{eﬁ?/ﬁ? eﬂwdg{xg 012% Wﬁ‘? (I(D'S esﬂ"?/ea 0|n\c/iles)
Ot her suilpabl e eXRi’Ppkﬁ’sR?aana urfe afROCALrERGEh, ﬁrﬂapé]ﬁeﬁtgbﬁycab@m Eﬁdroxyl

CALCI JEX injectable calcitriol; investigational dr u%s from
Phar naceut i cBplezgnyalkpmyl RE2 E.ﬁ;)stiiggg or unsubstituted alkyl indepéndently substltuted with

(24a, 26a, 27aohd INRHEBH o;gﬁ oghﬁB@eﬂrﬁm@ﬁ%s(%g‘tmof K ﬁ-@%’d ﬁ%Qnay be linked
10epi - 22- oxa- 24a, 26a, 27a-tri honbl a, 25- MC 1

(1, 25- (OH) 2- zofogpuaﬂme@h@reqi@rbwcle@mgn potriol,

| a, 24 22- t

| melude 1 25- (o) B e SRR iy s haBge gk s 192
25- (OH) 245 16%3@1@3“ yRve alBR * Gleugeh hydmagemaceut i cal s 22 oxacal CI t riol
22- | a, 25- he U t

Snd dr ugs T rom ¢ whREET PRy SRReER 8 SeRBTAG rsiisd o AR .
i ncl ude zK 1%41%21&1%9m@ﬁ§’a/§iﬂg1250r(&]-|)2 D3) and zK 157202

(20-met hy1l- 23- ene- D2; la-(

25- (OH) - D2; 25- (O Y%SnogléeﬁGXWIPW@“CRH&?%OHWSF‘@ é‘?Pﬁ‘Fségteﬁi ﬁ%p%‘@‘

| oc, 25- (G—|)2 @h&%uﬁ@fn%Rﬁdgm%@ ¥the: 22- ene-D3; 1la, 25- (OH) 2- D3;
la, 25( OH) 2-D4; 1a, 24, 25- (OH) 3- D3; L.
la, 24, 252 c]-|) 3 Dzlnme oglgleggq)egzomouqchls(r@;gseggd bgﬁmwla (IT), wherein R ™ is

| a- (OH) - 25F5)§} &I(O—I) 25-FD2; |oc, 24-(0OH) 2-D4; | oc, 24- (OH) 2- D3;
| oc, 24- WO2H: 5 24 (OH) 2- 25- FDA: | &, 24~ (OH) 2- 25- FDB;
la, 24-( O—|) 2- 25- FDRr arlothePEmbgdBniR - (A6 c@pded 22repreesnB@l by Formula (II), wherein

111, 25( OH) 2- %%'27{5%6%?3; | a, 25S- (OH) 2- 26- F3-D3; | cc, 25-
( OH) 2- 24- F2- D3; '6CVPB'S, 26- ( OH) 2- 22- ene- DB;

| a, 25R, 26- (OH) 2- 2Br £erePanbddimdd; thé CbhpounBs rep@scdbed(HoH)o2mdh-(BRiwHaB:in
| a, 25- (OH) 2- 23-yne- D3; | a, 25- (OH) 2- 24R- F-D3; 25l cc, 25S, 26- ( OH) 2- D3;

| a, 24R-Og%+)2 25??11!%07‘% 25- (OH) 2- 26, 27- F6- 23- yne- D3;

In yet another embodiment, the compound is represented by Formula (II),
wherein R*is hydroxyl.
In certain embodiments, the vitamin D compound is 1,25-dihydroxyvitamin D3
(1,25(0H);D3 (also known as calcitriol); 1,25-dihydroxy-16-ene-23-yne-cholecalciferol;
30  la-hydroxyvitamin D3; 1¢.,24-dihydroxyvitamin D3, or MC 903 (e.g., calcipotriol).
Other suitable analogs, metabolites, derivatives and/or mimics of vitamin D
compounds include, for example, those described in the following patents, each of which

is incorporated by reference in its entirety: U.S. Pat. Nos. 4,391,802 (la-hydroxyvitamin
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| a, 25R- (OH) 2- 26- F3- D3; | a, 25, 28- (OH) 3- D2;

| a, 25- (OH) 2- 16- ene- 23-yne- D3; 1a, 24R, 25- (OH) 3- D3;

la, 25- (OH) 2- 26, 27- F6- 23- ene-D3; 1la, 25R- (OH) 2- 22- ene- 26- F3- D3;

| a, 25S- (OH) 2- 22- ene- 26- F3-D3; | cc, 25R- ( OH) 2- D3- 26, 26, 26-d3;

| a, 25S- (OH) 2- D3- 26, 26, 26-d3; and | a, 25R- ( OH) 2- 22- ene- D3- 26, 26, 26- d3.
Addi ti onal eihciqyivetéve@)aﬁ 7hé,73Dflgdhydroxp deri@tivezawith Nb7 side eirin geger inflength

oL oy B it b ool O6RUS00 50 W1 48T RIS 8Ll P
g, g ég i g g Gaﬁ?eQ?gSY 91;862@518 gad g gas 356 @g&ggagm arﬁ(ljo’t}?s V2B alkfny3; 7%1;&1311 and

) ) ) n the enflre
di scl osures 6’?‘ 'é"gé}%e&?m 2012 (F"ﬁﬁ’ﬂ’roﬁféi‘f%“ﬂ Py 5%@%@? Z%-l'? f‘?gfe“’l
20Yet ot her e.@fﬂ?@magssm @is Hﬁb‘ﬁlﬂ@uB&Efn'tédZ\@tgnﬁﬂ‘BLlﬁdﬁl\Q@ m&ataeﬁlvm&é)

such as bis-aryl derivatives disclosed 218, 430 and
WO publ i cat i §#3240%(1@gPryEaminia cernpwﬂé@dﬂ 8eT, 6%&@&@05113@6%11%0%@#11 D

are incorporat 1%’5 r ét.h%f S.Bﬁﬁle%?grﬁfélgs infIigL kb%%tﬂ%?@f@cﬁé {_,ﬁi;matoncs%n ¢

non- secost er Ollg\glt V tamn mm¢cC OI’TpOUﬂdS Sul e pres
i nventi on cafM&IFEX ngectabld LaRitridhtinvebimitionn] 88s 1061, L6, Phatnat2&tjcals

and' 6, 358, oo g KT da bt Eatiolo g QR L KIT o6 Co-

i ncor por ap ed eHVoX §f£1481068 2 MR fbola, 25- }OH%QM)OM@IZSS i, 233-@}% ‘QDIe?fIDQ) 4
anal ogs, metabolites, derivatives and/or m mcs which utilized

i ncl ude thos é’lq: Behicalcipetriol.da,eA €O P Jeente- Mrdqba@pd?ﬁ)mmhe@éﬂmmewal
2006/ 0177374 4.1 N4 @%{gg g?‘]gu SHY- EacH3 VYhiSCJbP%) 1b%ﬁ9§§§fié‘g)%dal¥ay25 (OH)»-

ref erence herern. Vi t ami
conpounds t hd6-eas-23-ghe¥yD3aChdgai B]nmmmannals P- mtamlcrhwlezzam:da ]fou,llﬁc(tOH))mD% n

one enbodi nent, the vitamn Danalo%lsawtamn anaoqf( Bcﬁ
conpound t hat®{QHXDAifrom the HInjyersity;of THgois;nd drygs figpethe fnstifutpefeyt §a1

The | angyage chdis S@héﬁn@‘%&@tﬂ% nlcfade ZRCRHQE’ZS @Qﬂ&%@ﬂﬁ@? -(BEBL-DAY $hd ZK

i nt ernedi ates and e products involved in t e metaboli'smof vitamn
D. In one enﬁ@tﬂoﬂéiﬂ-methly&&ﬂn@trﬂﬁr(wm&)bm (®M)-D8; la-@H)dn3, il oB®H)-D4,

vl ved | n GHEOHEP200TTOHIOP: D SHtne) SR Eguligahel e arior OB
derivative" bpehugas; t@IPeYRs-iNak-158N o@5 @815 D3M & 25-(0H).-D2; 10,25-
(OH),-D4; 101,24,25-(0OH)s-D3; 10,24,25-(0H)3-D2; 101,24,25-(0OH);-D4; 1o-(OH)-25-
20 FD3; la-(OH)-25-FD4; 1a-(OH)-25-FD2; 1¢t,24-(OH),-D4; 1at,24-(OH),-D3; 1o, 24-
(OH),-D2; 1a,24-(OH)»-25-FD4; 10,,24-(OH),-25-FD3; 1¢,24-(0OH),-25-FD2; 1¢.,25-
(OH),-26,27-F6-22-ene-D3; 11,25(0H),-26,27-F6-D3; 101,25S-(OH),-26-F3-D3; 10,25-
(OH),-24-F2-D3; 10,258,26-(OH),-22-ene-D3; 1a,25R,26-(0OH),-22-ene-D3; 1a,25-
(OH),-D2; 1¢,25-(OH),-24-epi-D3; 1a,25-(OH)2-23-yne-D3; 1a,25-(OH),-24R-F-D3;
25 10,258,26-(0OH)»-D3; 10, 24R-(OH)»-25F-D3; 1o, 25-(0H),-26,27-F6-23-yne-D3;
10, 25R-(OH)2-26-F3-D3; 1¢,25,28-(0H)3-D2; 10t,25-(0OH),-16-ene-23-yne-D3;
10,24R,25-(0H)3-D3; 10,,25-(0OH),-26,27-F6-23-ene-D3; 1¢,25R-(OH)2-22-ene-26-F3-
D3; 10,255-(0H)»-22-ene-26-F3-D3; 1a,25R-(0OH)»-D3-26,26,26-d3; 10,,255-(0H),-D3-
26,26,26-d3; and 1o, 25R-(OH),-22-ene-D3-26,26,26-d3. Additional examples can be
30 found in U.S. Pat. No. 6,521,608, the entire disclosure of which is incorporated by
reference herein. See also, e.g., S.S. Pat. Nos. 6,503,893, 6,482,812, 6,441,207,
6,410,523, 6,399,797, 6,392,071, 6,376,480, 6,372,926, 6,372,731, 6,359,152,
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parent conpound (e.g., vitamn D) by replacenent of one atomwth
anot her atomor group of atons. In one enbodinent, the vitamn D
derivative is a vitamn D3 derivative (e.g., a conpound that can
arise fromvitamn D3 by repl acerrent of one atomvvith anot her at om or
group of atons). 10The | ang ua%E "vitamin D mi mc" includes conpounds

that can chefi3@aBh} G188 U0226i 7285.249, 6,281, &%él%&ﬁ%ﬁeﬂ@g@ In one
mbodi t,
embodi ment, hg; Kk Ao 9@,@,{2@5;%9203@@%}0@0@ B075.615.%. 821063

conpound t hat“can” ¢hem €a ogi cal
process). As 6/daa8her(di7908,tax 7t %7 n6,0 5, &, 5 9941&32469§6f7&4 |597281 6y at ed

ooty comprara 8 5 o APshats. BIZ BsCsyb DR Sddpt "

conprisess1l t5®s32¢R5H30, 1&3,@3@7 msds m mops SLEIE)5R43, 9210 5434«06939%
atons. Representative exanple ieties Include 4)3{

ethyl, n-proppP0-88355gR6F}H,S %leiﬁﬂﬂ 73%%7 BUeYI1L, 580883, >5|’716 9

tert- butyl ALY 512N 4y exyl,
272- di mot byl e O By e L T S A e

al kyl " incl udeéss, B§%ir5€ﬁﬁér15&rﬁs565358i9n@56ﬁ1@42t 6,55435% S¢db 6ok 61381788,

Mor eover, th | kyl s"
and subst i tStsgg’%@ 58%9@2:7 M%S{e%‘r‘é)g%ﬁf g’t ) é%é‘%%bgg S%IH 09§
substi t uent s 5f408,94], 5738aj3ky|5 I, 20| QS?Q!D(EL bgdr, m@y 5 4Ba,|19@6riz60g2j96n0

G 77 a1 | ceny ot R oSy AN Uy oAl sl by PR 4T o0y 1 7

al kyl am no, 5@54@@3 32%5%*35 Csviﬁrmsnos 3@013805@86/@1“5@96 oél,mﬂbﬁz
aryl am no). used herein, the term"all ¢ox i ncl udes

al kyl - O, wh&2éf, ﬂ2%l4k%73 584, %I%’if“rﬂé& AeEnR&ion4 80h9R2, 4 ébﬁé&»é’rﬁf'dt“me
exanpl es of ﬁ's%?égo rzifli4‘§“t0'1§54 ’{jﬁcﬂz'édi?%d)%{) 250,98, 4'59&“15?@1 483,718Et hoxy,

et hoxy, propoXy uf'oxy, tért-butoxy, pentyloxy, hekyl oxy,
cycl opr op§| oRyp64, 4%@;(4&(55;6%44;56,8-523%17192@41, A RE9, 2(D3Ir &f689.a80, yfl,,SOél%éxy

 coxy el taep 8lebrOor o BB PE a8 i Y Cn SR MR T cony
JUDSL i t Ut od 3 kogy o one ate Tl ”“’g@i‘“ﬁii’w"a?‘? oronet howa

11 uor onet ALy SH e ap Bae R B O intiayrosgEga of which are
trichl oronet hﬁ&bpmated referehB€ndr8inm " CL. 7 al | coxy" includes C1.7

al kyl -0-, wherein Cl. ; al kyl is defined above. Moreover, the term

C127 al kéky i ncl udekothscampemssidhimaye uGlized igflndeyijamin Rymimics such as
“substitut edbg]anﬂo % Ys dlsd?xﬁs%a%wﬁ%w\% e&m&& t@@@%ﬁ%&@yents

for Cl1,7 al koxy retres inc but are not oxy,
hal ogen, cyaﬁ@QS/@ﬁmﬁb theGhtive dibdtgsures @8 e8hmE m[cﬂ)armtqrpm@ﬁ balrkfewyte

C227 akynyl, hg:(lém7 hlonXI’ exgr%[%lz:s o% Iifoenr-] ecosté{(bldacfz ahl 6%& é(a{l‘lpounds suitable
for the present invention can be found in U.S. Pat. Nos. 6,831,106; 6,706,725;
25 6,689,922; 6,548,715; 6,288,249; 6,184,422, 6,017,907, 6,858,595, and 6,358,939, the
entire disclosures of each of which are incorporated by reference herein.
Yet other suitable vitamin D3 analogs, metabolites, derivatives and/or mimics
which may be utilized include those identified in U.S. Patent Application Publication
No. 2006/0177374, the entire disclosure of which is incorporated by reference herein.
30 The language “vitamin D analog” includes compounds that are similar to vitamin
D in structure and function. In one embodiment, the vitamin D analog is a vitamin D3

analog (e.g., a compound that is similar to vitamin D3 in structure and function).
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hal ogen or amino (including Cl..7 alkyl am no, di-Cl,7 allcylatnino,
C6_10 arylam no, di-C6_ 10 aryl am no). The term "al koxyal I cyl "
i ncl udes al kyl groups, as defined above, in which the C7- 7 al kyl
group is substituted with G _7 al koxy. Mreover, the term

"al koxyal kyl " i ncl udes 10b9th "unsubsti t ut ed aIIcoxyaIkE/hlg and
"substituted al koXjulapgsaee virepn PoeeiakalitydndydenpraRousds Babae inteesdigtes

for al koxyal kyd IBIdhi b el Eg@ ng%omop\gg% B U gnd Snbdide e

hal ogen, cyano, , C3-8 cyc C2: 7 al keny -
akynyl, C1- 7vii$min>@me(abol?teiasld<‘émyﬁmw meBholitee(k.ley a gbwpreyndhit dgren or

| d 7 || | Co6 10
Z?‘y[‘gm( ot tditheqfelos rofer BTBIOun e e FXURT I, P rdes
ot g S

doubl e bond. The term?® ref avi ng
two to seven p@rantlmmpau@nfs gawdamur@)rbssnenlgcment ebate ammewuhlamuhm@annbom

doubl e bond. a keny let es.inc

are not | | m t’e ?gt%%nil‘i 0]1% em)%%(qf en? ﬂile Vl%mlﬂpde]blv leVﬁ>1/ a“ltaé%?)rhjépeny%

or i sobut enyle.g. J\A)d:cﬁmpoand t}iah@ntaﬁseﬂﬁomlvhtﬁmhylbf’: by tipiactiele f bigd lom with
"unsubstituted 7 al ken '%l q 'substituted C227 al kenyls."

Repr esent atlg@o@gmgsgl Ytuents for C 7 al kenyl noieties

include, 1put are PRy Jahd¥bé eatahﬁn Dhﬂﬂﬁgxi‘{lclub@cgﬁﬁﬂun&ﬂ%@an dheniclly C1_7
al kyl, C3.8 cycl oal kyl C2-7 al kel l'y %/rc%g Cl-7 al koxy, CZ 7
qagraeny

al kenyl oxy, apipage alltwnﬁ ’@)@;bldﬁalpﬁg’éwe@ﬁr Iaﬁilfh%m dhayitamin P @ImRigjis a

am no,
25The term aﬁ?(rglhy l%lmr??:(&ij es %Qanc%lt@ﬂﬁoche%;%ﬁgﬁ%gn%yrocafbons
having at | ed®logimkpoegsbon- carbon triple bond. The term"C2-7
allcynyl" refers dr ocar bon,, in carb n at
2nd Lompri s g at F eBIPETRIPET ARL, B R R R e P ense
eXﬁ.rT'p| les]ﬁ)f (ngqnaighymaﬁn asminehn) aydlgmbmdlﬁole@u&omﬁﬁmgqlttolzorépxbegl afofns. |
et hynyl, pro t i sopropynyl _or i sobut :
Mbr eover, th eé%s Meaﬁpﬁ@ ggseﬁétrﬂa%ggrbmws i Sl breterabiyl topk eabon
al I cynyl s” ap@mss R@ﬁ%kén%ﬁé‘c%p?esadf‘é}zk@l/h&eneﬁﬁﬂﬁ@éﬁ%gl G, BRI, 8-

u

of substitutents for C2_7 allcynyl noieties include t are not
linited to, BpaYbRPuthaPeel. seymd, fribup, n-Eenivh, isoneptyl, nespegtyl, n-hexyl,
cycl oal kyl | {_J -7 al kenyl oxy,
C2-7 all cyny?%n ﬁkuéxﬁgggndlgl% Feﬁ%ya ﬂ%grpﬁgéyC%pg kyl ami no,

di - C17 aPkyl am noTh@@mlOCafqlksdmrnbldesﬂnyd@&aﬂl@nahwrwnmmq scaznmcz(ﬂlorvatoms

al kyl C6-10 | am . ,ed Q‘ ol h m (o
"l udes. sat TR B b St 2P Tro i e R G o i gipied o
hydr ocar bon galkyies Répr &eﬂtﬁuﬁ&t’xb@ple&bﬁﬁﬁsntﬁérﬁaf 25 @9'7 kPl Sietidard3hyliroxy,
carbon atons, Exenplary cyclic hz ogﬁ ? ups include, for
exanpl e, cych@Bv"t?pWanocS}‘é‘Po 0a eyl C Pefte pxy> Ca7
pyc: ogexy:‘ aantem&lyotrgﬁgﬁyﬂylo@me%y amrfby(ﬁiclufald@@ cag@q BAmodiatps
I ncl ude, or exa

23 a]kylarr;?no Ce10 alylarmno di-Cg 1 arylamino).

As used herein, the term *“alkoxy” includes alkyl-O-, wherein alkyl is defined
herein above. Representative examples of alkoxy moieties include, but are not limited
to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, fert-butoxy, pentyloxy, hexyloxy,
cyclopropyloxy-, cyclohexyloxy- and the like. Preferably, alkoxy groups have about 1-

30 7, more preferably about 1-4 carbons. The term alkoxy includes substituted alkoxy.
Examples of substituted alkoxy groups include halogenated alkoxy groups. Examples of

halogen substituted alkoxy groups are fluoromethoxy, difluoromethoxy,

trifluoromethoxy, chloromethoxy, dichloromethoxy, and trichloromethoxy.
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i ndyl , hexahydroi ndyl, tetrahydronaphthyl, decahydronaphthyl,

bi cycl o[ 2. 1. 1] hexyl, bicyclo[ 2. 2. 1] heptyl, bicycl o[ 2. 2. 1] heptenyl,

6, 6- di met hyl bi cycl o[ 3. 1. 1] heptyl, and

102, 6, 6-ti met hyl bi cycl o[ 3. 1. 1] heptyl, bicyclo[2.2.2]octyl. Exenplary
trlcycllc hydrocar bon groups include, for exanple, adamantyl.

The term " C3-8 cy&hoiEry ‘€1 i dkenyddrclidpe Ci- cﬂhﬂo@uwpﬁéﬂgﬁ%é@ dedipehg 3
t 8 b h
0 o carbon %a%gﬁdd}@‘{"%f)\g%rt’ﬁ”’t‘ gﬁalﬂﬁ&g)mgfﬁdétbggqc 6@?&&4 1tut Oakg]ﬁc%%bﬂi

"unsubstituted cycld bstitu
Repr esent at i VarbetiatepCes alkbxys’u Fepieserttaive sxdabpley of@ﬁbﬂxtqmtscfak@l 7 alioixgt i es

| ude, but t d to, h : njt -7
e aphsn b T 88 o e AR, N i A
C2-7 al k_esyle oan@ZZ?zvain&me@mynbat@g@mow,cam J%mt:ueimgw@ixﬂ
al kyl am no, -CL. 7 al ke}(fF am no 10 aryl am nqQ

aryl ani no) . PRt g g RO ! RO et z:al%ﬂarmney@q o AYAFBRRGCo
hydr ocar bon %’Q&[Qﬁm%_ havi ng 6-20 carbon atons in the ring portion.
Represent ati ve exanples of aryl noieties include, but are not limted
to, phenyl, napht e termarislhexseikyl” ipHudrantiyt gloups: as dafinathgliveniaptiidhthe Ci.
The term " C6 @ i

{o 10 car bonARSTSms R EEw B T kS KRG 85 A R e PRI et
i ncl udes 1bot fboﬂlu‘nmbﬁttutwakdxﬁﬂiqﬂ yind “andtitusadositaxyaik @d’ Represehtative

Representative e es of s tut s for .ar ietie | ude,
bt are ot PRI LU ae SRk B o e G5 AR den Pt RERmiea ey
C3_8 cycl oal kydrox§ 71a1730§1 k@] mtr@ZCl—,- alky @K Pyeloikyl/ Cal AIREY, ng?lkynyl Civ
al I cenyl oxy, C72 nyl oxy, hal ogen or amno (including CL.7 Kyl
ami no, i - c1a&co§y,»€waiiqewaoxsc:@uelkmwmgenmra@m@w ket amino,

30The term "Qerer ARy iihinol @g} %gg%uggrlgqy(r% LG1affinddi Cyclic heteroaryl

nmoi eties, contalning from . nmenpbers sel écted from carbon
atons and51 to 5 e eroaalbeny!” lgeHUéQSt bandhed pr Onbravched 1gdréeechept bayvingf at

het er oary! i ?nﬁ%yt 3 ﬁggﬁlggbmp# Hoﬁﬂh,% ﬁ%t% ?Eenaﬁ h;{c?e{?é’ a Hydfobhibon

pyrrolyl, razo Frazd

oxa- 2, 3- di azahwyihg twmae@néamoammmsl and oxapi2sing dll@xmnyelcmbon carbon double
oxa- 3, 4-di azol tha23d|az th'a-2.4-.diao |, . .
Tha 2 ot aORGResp et Dy Hofpis 84 bl rw nopipiget o oy,
4-, or 5-oxapfp Y1-eny3 a,11y14buteﬁ)j?1 ﬁomsg@f@z&hydbmeayl Mméov?a &hélrehﬁaméW’

4- or 5-1,2, 3tr| lyl, tetrazoly or 4- pyrid 3- or

4- pyr i da2P ny fnclugles b%h unspbHitEed Gz :Hlyqn,ylsz ﬂ?ﬂ/r%}E?tWFd sz all{@ﬂylsor

5-pyrim di nylge 1%&n%@@5%}}fés &rs%bﬁnﬁﬁﬁé e %ﬂ&nyl Rbictiestifidlade, Bt are not
pol ycycli c. % term "heteroaryl™ further 1ncludes groups in which a

het er oar omat ﬁlmlwd !-Tg hydrofyi dele gero cpave, mrI'Or@mﬂUafl W cogionlsl Cphalkényl, err
R i S R S S S L e
alkyl amino, di-C;.; alkylamino, Cg.19 arylamino, di-Cg 1p arylamino).

25 The term “alkynyl” includes branched or unbranched hydrocarbons having at
least one carbon-carbon triple bond. The term “C, alkynyl” refers to a hydrocarbon
having two to seven carbon atoms and comprising at least one carbon-carbon triple
bond. Representative examples of C; 7 alkynyl moieties include, but are not limited to,
ethynyl, prop-1-ynyl (propargyl), butynyl, isopropynyl or isobutynyl. Moreover, the

30  term “alkynyl” includes both “unsubstituted C,7 alkynyls” and “substituted Cy.5
alkynyls.” Representative examples of substitutents for C,; alkynyl moieties include,
but are not limited to, hydroxy, halogen, cyano, nitro, Cy.7 alkyl, Cs¢ cycloalkyl, Ca7
alkenyl, Cz.7 akynyl, C|.7 alkoxy, Cs.7 alkenyloxy, C,7 alkynyloxy, halogen or amino
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Represent ati ve exanpl es of such heteroaryl noieties include, but are
not limted to, 10indolyl, isoindolyl, indazolyl, indolizinyl,
purinyl, quinolizinyl, quinolinyl, isoquinolinyl, cinnolinyl,

pht hal azi nyl , napht hyridi nyl, quinazolinyl, quinaxalinyl,
phenanthrldlnyl phenathrollnyl henazi nyl, phenot hi azi nyl,
phenoxazi ny| (nefadiag Sogrlisl anmige. dldn)u'v elplmir®, W roaylpmino, di-Ce.1o arylamino, and

furo[3,2-Np [ 2, 3-dl -o0- oxazinyl,
1H—pyrazo|o[§fég%%oza %ﬂwﬁhﬂ%H—inidazo[4,5-d] t hi azol yl ,

pyrazino[ 2, 3- 15dppysaddemimyle, teim’ crya]z;a[k?l”lﬂdjlﬁdet bzitammkiy)k pnsaturated
imdazo[1,2-b][1 2.4]tri Z|n enz. th|e nzoxazol y

benzi m dazol OL'O%H J’ﬂ‘ﬁ’F Vasik 3)[‘?3":1183%‘?‘ *% P“PStPgﬁzl&é ORgerms. Ple%elably
1H pyn- ol o[ 133; aﬁibzhbematampﬂnmhplal Eymﬁélh,ydlb,em@{ %@ﬁlﬁﬂﬁcﬂe for
benzotriazolyl, pyrralo[2,3-13 i nyl, pyiTol o[ 3,2-c]pyridinyl,
pyrrol of 3, 2- EX3RAGCHSIPPIOpY]r 7361 Pafl Eyﬁfwfxleﬁkaentenyi cyclohexyl and

i m dazol[ 4, 5- y d O
20d]pyridinyP%m%§?gio %ﬁ%ﬁS- %%§P#z dﬁ#g%gbfggﬁ%éfﬂM5Q% %@%ﬁ |nyPﬂ

pyrazol o[ 3, 4indg}, p%aﬁlmlnylﬁyl pyrlagdodraphyl, be}qayydrchapyﬂhyl bicyclo[2.1.1]hexyl,
| m dazo[ 1, 2- E‘]}cgégl bl ﬂX{:ﬂtylpﬁﬁcﬁ%nﬁgE(ﬁ[I:![]ie%éenﬁ)g 1me%nprrb1<iyc]o[3] Theptyl, and

pyrrolo[ 1, 2- azin azof yrim
ppi do[ 3, 28 d] pyt6-mimdithyytic yepf8.il dqi[e@tylli bidyplo[2. 22 Thictyy.| Exemplary tricyclic

ppi do[ 3, 4-d] i m di I% yrlnldlnyl

pyri dof 2, 3- bF%‘&P%i‘?CW;%O“Pﬁﬁ‘il‘ﬂg[ raxa&} ‘5138\%‘11?{93{
pyrim dO[ S, 4- d] pyThdfesth Wi 5 cyéRaly? feluaed dicle H}d?&daﬂ?dnf’g&‘éups Bhving 3to 8
pyr|n1d0[4 5- d%pyrlnldln yl . Moreover, the term "heteroaryl™ i ncl udes

bot h " unsubs$3belt ¥empmeMeresuery the termd Cas gydeakylitingudns e anspbstitutefl €5
aromatic ri ngyc%ak?f‘ an@FHibstitfled @?Eﬁ:‘i&]@?lyl Reglre%%ﬁ@ Ml&%%ﬁhhﬁéﬁsﬁd

or substituted at one or nore ring posftion st tuents
i ncl udi ndy f & Gexayppdayl m@b@@emlumtmtcmynotdl}aand fo ﬂwduo@y h@bgan, aldng| |,

C3. 8cycl oal kyl - £ al kenyl er.oar
het er ocycl yl ; tits 161217 %%ﬁb%ﬁ é@&@i‘g’% %F%’yl%i a}{yfé%’:}tgl ﬁ{lyre i Z‘%f"?
al kynyl oxy, CBQQMmmmmwymogmkeamamthhmehQHQMQmmﬁhmlmxm7ammeum,C¢m

aryl al kyl oxy, eteroar al het erocycl yl al kyl oxy, ket ones
(i ncl udi ng CHYAMRG - aﬂﬁﬁhéPmO -8 cycl oal kyl carbonyl, C2_7

al kenyl carbonyl, R témak &%’ﬂyﬁ&lﬂfeb%ﬁ&yeﬁ@&omé’icﬁh’ brorfefic ia 1€éa¥l|>onQ]r017ps
al kyl car ponyl , hetero aryl carbonyl, heterocyclyl carbony i, esters

(i ncl udi &9 Chavinsg-RBsybat ﬁawff in thegﬂsp@vev oBPIRYicat{ieaesmmyes of gal moieties
| b | ClL 7
aryl oxycar bopylude g 5@%{1;{ @yftﬁg@r@g nyi 3& %&@%gﬂ éﬂ&ﬁ)ﬁﬁﬁgfl pnyl, ClL_

al kyl car bonyl oxy, C34 cyclo carbonyloxy,
het er oar y| catetrabydranaphthhet er ocycl yl car bonyl oxy), carbonates

(including C1 7 I rbQliy.l car o X

het er oar yl oxycar g'i(;nﬁfg)oxy 61084 15%3%{%32”?31%1&}158%6 ﬁ%ﬁ “?“PS Ao 10

al koxycar boxydrbet sioms fchd An@pyitioi yRiarddoay iMﬁlﬁerIQ?cluﬂes both “unsubstituted
al kenyl oxycarb am_no, nyl oxycar bonyl am no,

aryl oxycﬁ boﬂ??a%pnﬂdbsﬁﬁegz&yé 3%‘??%}/?56&?“"@‘“71?% Rg?‘@ﬁ‘i‘%@ﬁ@ﬁ?ﬂ%%%@%?ﬁws
di - C1_7 al ky|nemiapaseaeByhianss o Iudiékyahilbam a@ﬁ@rnwm?ém Cs.4 cycloalkyl,
10car banoyl |nclud|n Cl_7 al kyl'ar ni noacar bon

di - C, 7al ky| ake-ndkenyb&ny lakyngd-Gig alkoxy, Cag alkenyloxy, Co 7 alkynyloxy, halogen or
amino (including C,.7 alkyl amino, di-C, alkylamino, C.10 arylamino, di-Ce.10
arylamino).

30 The term “heteroaryl” includes monocyclic or bicyclic heteroaryl moieties,
containing from 5-10 ring members selected from carbon atoms and 1 to 5 heteroatoms,
selected from O, N or S. Examples of heteroaryl groups include, but are not limited to,

thienyl, furyl, pyrrolyl, imidazolyl, pyrazolyl, thiazolyl, isothiazolyl, oxa-2,3-diazolyl,
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aryl am nocar bonyl, C6-10 aryl Cl1_7 al kyl am nocar bonyl ,

C2- 7al kenyl am nocar bonyl ), am do (including Cl1-7 allcyl carbonyl am no,
Cl-7 al kyl carbonyl Ci1-7 allcylatnino, C6.10 aryl carbonyl am no,
het er oaryl carbonyl am no), C6-10 aryl Cl_7 al kyl, heteroaryl ClL.7

al kyl, heterocycio Cl1_7 alkyl, amino (includi ngﬂCl 7 al kyl am no,

di - Cl7al ky| agkia4-degold oxas,sdipralvhi e 3 Hidiagalyh WBadmwbd thiack.4diazolyl,
al kyl C6 10 nel ydi | su 0
ar y?/sul f onyl ﬁ{l%:%ﬁrﬂd&%)yl’lﬁm&fogxafig gugdrﬁ@? he%%&%gyféﬁfﬁf{%?l?%l’%T
al | coxysul f ony3- ;soﬂ‘zolﬂ) 3aroy|5dxgg4}uiarzohyyl4 oh®f &y Bmydzobyysmafzoimylz,, 3G3r 8-
cycl oal kyl sul fo t er.ocyc f am f onam. do,.
Shosphat o, - pRUSICHAE Y HRUEH rab v TG ed PERRTL i oL Pdiayl.

al kyl thi o5 CB. He@erédr |§rb¢p)majl"lﬂéﬁibﬂﬂrbil e, a,)polwyehao i m no ani di no,
20t hi ocar boxyl (i nc uding C1 7 al kylthi ocarbony]|
aryl t hi ocar bonyl ) Th&gih| gﬁf?mffﬂhél-“ﬁ%ql Aisludes grogpy lély’ﬂ%?h qlpeﬁfg;paro%ncl@ng 18

aryl sul Tinyl k£ RY Y lnoxé'“ﬁ}g{ &l ?Hzﬂlco& ﬁet@oz%t:ﬁ[ FngsTRALL RS Ydical or

hydr ocar bon groups may be i'onal 'y substit WIh one or nore
al kyl, 21 apkiehgﬂatta@gnem Bl duythe/heter@rrogeticonn ken on thafvegbaryl ingdr oxy or

Cl 7 aI kox r r t

"het erocyc%/og? E?’ta es u%ﬁg Shot? '?&]trhéacfg%ggrr&éu st'?cﬁ'%{eogd%{% '[’Ioltjpa tgctlzltoc)r
unsat ur ated iaolylisimdol d, mdarglydxrmddhtagly]spmﬁlequunmhgmyl whinocknyls a 4-,
5-, 6-, or

12- menber ed zfpweﬁfnaii&nnf@n% Pﬂ*ihalazwi naaléhmdw]l %vnaf%l%mmaéﬂmﬂ

tricyclic ri Bﬂeniﬁ'tﬁh&ﬂylapﬁ’enﬁ@lﬁﬁl lyﬂgh@fiamh?laﬁﬁen@ﬂ@azh@l Sheixasmhpel ect ed
fromO, S and N, where the N_and can also optionally be OX|d|zedto

various oxi dBenAseusphnacthiens2gnfusiybdrivkhi-bl-awpeyl odyerydolididoy
represents ao§a‘%1r§@t1lﬁ OQiBl&{E%QﬁyO%io‘iylrm-‘ilmﬁfa%[é'srli] MafolAm eﬁaz?nd[k RY

atons and option ntaining a further heteroatom selécted f

0, Sor M Tﬁb’yhéazar}(b,amdazc[@biublaMﬂ lyaidartof h2-hHd. Z&t]trlazmﬂtéfoat om or

a carbon ato T het Gan..in ed rnings as
wel | as spir g‘cnfgpﬁthlenpr enz {ﬁ:ﬁ enmmftﬁlﬁ&?(lgbenzoﬁﬁlaszyl l% n)I/lhCI ude,
for exanpl e, berdbham'ryﬁ),flmf-ﬁmdlo[1m-lm]{<;c]banyzlapm§ﬂ d)mfniryl Hetﬂzlmihmpyényl

iy PRBERPrde o Ry Kt o 2 b B symplor s R

azetidinyl, pﬁtraa(rsyzﬂsmualawimmmtzr sByHHainbi, aptiamh,s- c}])p’)li‘iﬁrlﬁiyl iy blo[4,3-
tetrahydropyrany peri phol'i no, erazinyl, azggﬁnyl

oxapi nyl 2 5oQM%@W&ﬁ9Vfaz‘8${%3¥|‘?]aﬁ}41n}'ltPﬂlﬁﬁ’&}@ﬁ -clpysipwhpyrazeiedpany | |
and di azepanxjpqumﬁle pTbSiohsct Py REh Al RN hﬁgh&aqﬁsaggm[@%yg@fdmyl

groups as defi n su uted wth stituents such
as =0, =S, ham@ieﬁi 2-bipsiridnzinyl, omahao[lﬂrqlpmnuéinwyﬂ)yn@q[& Reotipyeinidinyl,

al kenyl , akyn het. e eroc

cyol oal ky o aa Rt RLE R RS REH B bini @R Slowimigion.
het er ocycl yl pytydo[aﬁynl]@hm;m)gynd&ptneb]@ymamyﬂ phkmﬂdo[ﬁy«} d]pynrmdlnyl

het er Ocy(i% yl %izrk 1nof§y3 b]llg)e;}a(zjgl%s 01( Il)yrtll(r:llu © 4%gd]p %d?nay'i I@I%Ycovcr the term
“heteroaryl” includes both “unsubstituted heteroaryl” and “substituted heteroaryl.”

The aromatic ring of an “aryl” or “heteroaryl” group can be unsubstituted or
substituted at one or more ring positions with substituents including, for example,
halogen, hydroxy, cyano, nitro, Cy.7 alkyl, Cs.g cycloalkyl, C;.7 alkenyl, Co7 akynyl, Ce-10

30  aryl, heteroaryl, heterocyclyl, C,7 alkoxy, Cs.¢ cycloalkyloxy, C,.7 alkenyloxy, Ca7
alkynyloxy, Cg.10 aryloxy, heteroaryloxy, heterocyclyloxy, arylalkyloxy,
heteroarylalkyloxy, heterocyclylalkyloxy, ketones (including C,-7 alkylcarbonyl, Cs.s
cycloalkylcarbonyl, Co.7 alkenylcarbonyl, Ca 7 alkynylcarbonyl, Cs.1o aroyl, Ces.1p aryl Ci.7
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cycl oal I cyl carbonyl, al kenyl carbonyl, al kynyl carbonyl, aroyl,

aryl al kyl carbonyl, heteroaryl carbonyl, heterocyclyl carbonyl), esters
(i ncludi ng al koxycarbonyl, cycl oal kyl oxycar bonyl, aryl oxycarbonyl,
het er oar yl oxycar bonyl , heterocycl yl oxycarbonyl, al kyl carbonyl oxy,
cycl oakyl car bonyl oxy, aryl carbonyl oxy, 15heteroary|carbony|ox

het Fr ocycl %I eby @h?llidx@e}efoé@?@&?mle@tilpﬂ@lmmym %@lezﬂi t nc%éi g
aryl oxycar bo ro
10yt o CSLRUETLARANL B4 O LEATR

al koxycar boxyl'a ycar bon oxXYy a’r bonyl at ni no,

al kynyl oxyc ahhielrwyﬂyamyombom,yiequcgelymmmyh @7 dRyloabaryibexyy Coxy,
al kyl am nocarb ' nyl o

| kyl
aryl ani nocar 69 ?ﬁ&éit/%ﬁ‘)%on 3’?3’[3 aml%g (?“r’f xﬁtﬁeﬁedg‘"’éylﬁi‘}m'?ﬁl?ﬁ?'acar bonyl

di al kyl an® noﬁaélbejﬂ:}lﬂrlcal&ﬁlﬁrﬂc&% REGHR Hcluddi Mt BHoR fdatma IR 1
al kenyl am nocar bony] ), am do (includi ng al kyl carbony| am no,

al kyl car bonyPla'iqm%hw&malmleaawl@asmﬂ%wmw prabunases nckidingdriyl ani no)
aryl al kyl, hsfks n@rbxsk Lﬂﬁ}ﬂo cpl%asﬂi Fyﬂﬁnlﬁ}ﬂ) Cﬁ'ﬁ]k@ﬁ&l&lﬂ&'bki@lﬂgmﬂl(ﬁy?

am no, di al kyl a aryl am no,

al kyl aryl am al&ypdensicathphyléminel @duo hlgloeih/mybwlmuwlanm‘zﬁaﬁyhﬂmyf 6nyl ,
aryl al kyl suf [ u f I ) )

aryl oxysul f o%i}w &%élf%gﬁa&?lydal th %laqn%o%af/c%gié@ﬁg%‘f’ ?lglr‘ilwr,mcalbo"y]oxy)’
het er ocydtyl sarbimyyl(lhcluSmgta.ﬁal}cylamﬁmhé@mﬁ doCy phivgiphaioearbonyl, Ce 1o

phosphonat o, ato thlot er. ((includin kIth|o rylthi.o,
het er oar yIthf"gy Ecéi §8YY: Corodey cfkﬁflﬁ§1ﬁlalnofﬁi’%‘g’é {eny ?IHHIP&%PW)
al I cyl t hi ocan@@RYincludimg!d hi REAORYhhi sa| fanayéarkd ptﬁﬂmma C

al kyl sul fi nyl, a?(ynlcsul% g;m? 30 c%ir (;};()yl 72 lEe!'brreallnngac e Coo

af or e- ment i oARF2HPAY BTN EIQMlFﬁ@OHﬁ?mH@) St %ﬁlaﬂhwﬂ@h@g&erqaatlgm Wkylh
one or nore ﬁazro@}éwt 7%1 rﬁh!}%ﬁa}{émug%ikﬂlaﬂﬂ%ldl c%kﬁxlﬁinead: ky!s

halogen hydr oxy ‘or koxy groups
"het er ocyz! yhlakyind, di- §ea1”armmﬂloa¢ddﬂ1 73H:b13€4 fio mty@ahlm)tsmfblaﬂ éndogiog SEh 7

The term i ncl st t.ut
noi eti es whiC dleaf ané §d‘bar¥lb'f1?°tn§g Vleﬁ% ter'?xréd ﬁ@?ny& ol
CC:}Z 77;’3.: kenyl , a]@ﬁx%a]f&wm,ﬂ(, 10 @%xysyltﬂt;mﬁj }keythoalﬂakmghnyl,l'@jj;l’c@rlxlyalﬁylsulfonyl

al | cox ps car.bo carboxy" inclu
corrpoundsya% F-‘é:llﬁﬂ'gteoﬂﬁﬁcgﬁlf%%laﬁuiflﬁa%’g? H@HS%WnéW%‘EP“%‘)tPPOéP]H%‘PJI e
bond to an oxygem: &hanuiaeel) alkyiRgo, G& Lo 10 G rdeylihid) ! 8o SiRsd, hinifs

with any noiety which al Tows t e conpounds of the invention to

perform #9s thigeahgsy (fr\ﬁh@mc&n vaiﬂrd}thleszaahwé CoomrpldngqarhppybisuliByhmy be
substituted Fﬂﬁél@dlgczy ﬁi{}lﬁwlﬁny} %ﬁilg} E?gﬁg?‘gg’ &%?Whgﬁéﬂyé agh oﬁﬁemm—

aryls, Cl7 a am nos, ettc retles contain
a carbonyl |mnmdaydie¢arbka&,romrmyés omamdﬂgﬁybstmnatwdh; pneacmlmus Cis

Ca et e RIS C . ST SR o M,
brom ne, chlorineas u@dlhﬁain, élieQerm “heterocyclyl” or “heterocyclo” includes unsubstituted
25  or substituted, saturated or unsaturated non-aromatic ring or ring systems, e.g., which is
a4-, 5-, 6-, or 7-membered monocyclic, 7-, 8-, 9-, 10-, 11-, or 12-membered bicyclic or
10-, 11-, 12-, 13-, 14- or 15-membered tricyclic ring system and contains at least one
heteroatom selected from O, S and N, where the N and S can also optionally be oxidized
to various oxidation states. In one emboediment, heterocyclyl moiety represents a
30  saturated monocyclic ring containing from 5-7 ring atoms and optionally containing a
further heteroatom, selected from O, S or N. The heterocyclic group can be attached at a
heteroatom or a carbon atom. The heterocyclyl can include fused or bridged rings as

well as spirocyclic rings. Examples of heterocyclyl moieties include, for example,
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The term "perhal ogenated” includes noieties in which all hydrogens
are replaced 15 by hal ogen atons. The vitam n D conpounds of
the invention, or their pharmaceutically acceptable salts, solvates
or prodrugs thereof, may contain one or nore asymetric centers and
may thus give rise to enantioners, diastereoners, and other

st er eoi somner Hmyﬁmﬁrrm}tl,hmmmyl, dxaiefl, dishihnyl, pipeewingl, pfrrabided, ut e

t h t - qr. (S)-.. - (L) - f
S0ac1 ds. - ThediytsBren bintmbSintart o iniaEbianp i B8k s bl e
i somers, as WAlibin Isoiéiﬁiy[ o&gﬁeﬂgll szeaaﬂypmllaﬁﬁdrbmra@lyr @sufaﬁydfstmogaéﬂycpal Iy

active (+) and (- % , (D- and (L)- isomers ma?/
prepared usi AETRlisifyh te W@Wh@ﬂﬂrplequ%ﬂl rﬂ%‘&@%‘ﬁtosPlpéﬁazmé‘s@)W@él 8§‘H”rﬁ'@’l

convent i onal Eath When t he
corrpoundsg]des%z%lg%&hﬁher ellﬁﬁgglrlllt %nﬁfgﬁggﬁﬂ?%ogegg@] &Eo S or}ot her
centers of geonet Thete@dgbatermestcly); inghideshelesssycBpgroips @dleﬁnddérewnse it
is intended t 0 ds, i.ncl ude ,bot h. E

i soners. Li ké\% é%&e 1& {@ gr‘?&?ﬁtéuefl%rsﬁ%h Bre gb é]sggﬂo%etng%éﬁ%( % c(:)yago nitro,

i ncl ]chdeg alkyl, Eﬁﬂod]lagﬂgzudl@dﬂ alS)tnﬁI ,ani Seresaryl] hkgémdfiiyl CcaonpeLndalkgty,
up of the sa at ons ponde t he same s but n er ent

t hr ee- di mensPERBYOS F@éf’ﬁﬂ?’@’s Ayl heterpary (mglﬂei"?ﬁyélﬁ'@?féﬁg@d{ﬂﬂf *¥The
present mveH&tb&alamww{gphaéﬁsy&ﬁmkguﬁy,%@h@s%mosa}m@hm nyt,ur es

t hereof and i ncludes ™enantioner’s whi'ch refers to two stereoi somers

whose nol ecuFreoaliycatoonyli plkenylersbeb lakynylerenyl msgdsarpinlkylearbandt her .
The present 1€

i sot opi cal | yh%}&%gw%pgvow fé:.h]&%% ﬁylkal%]ﬁgggsﬁ eﬁ%ﬁ?@#‘%ﬁ% EE[tlr?lg)‘llr?}lye at ons
are repl aced cjayoeékyimchﬂwmyigaﬂlh&ywdmeyhh@mmlum@ebqnybut an atom c

mass or mass, nunber. romthe atomc SS OF Nass

usual Iy foun8eFHAYg ?Em%g@aﬁ‘%ﬂg%ﬂ)%I}y??xérof%})%a%ﬁgﬁ??%?xg ?lglcall%ggelog’on
in the CQﬁ'pOliété@agﬂlcaimﬁy]oﬂyﬂi&tet@?dﬁ]&mbhﬁﬁﬁy)i mﬁdnaes (mcfludiyglrogen

such as 2H and 31-1, carbon, such as1 110 13C. and ;ﬂ %%I ne such
as 36C1, fl umwm@ﬂﬁﬁxéﬂ@ﬁc'ﬂb B %tﬁr@ﬁryé%xyiaé jma tes

ni trogen, sughciading 3NoRNGrbbRMamey S bxySkiSdhyBenide AlkedviBx RRmhodAS
phosphor us, gu((::h gé SSPfﬁandﬁglulﬁK 7 Ksuch gs 358S. gu%lst}l%t u&%nmvl\}loth

heavi er i sot el@Bylexycarbasylgaifoesry MC%@HYQH}HMW@F@éPWIWeer tain

t herapeutic . I il

for exanpl e, ﬁ%&%ﬁ%ﬁ%ﬁ%oﬁﬁégx} i é%@gﬁ%%g%gg’e%ﬁ%‘g%%%g%ﬁé&’ chfblimoy]
Ireq;Ji renﬁ?]t s(irdagﬁ?ﬁig&&@%imacbﬁoqyﬂ ahidkyladinocarbamyb, acjlarjmnf%m@s. rgll Q
sotopical ly ppoun s gneral L.y be prepared by

convent i onal aki uEd’ Hg\’/\?ﬂ%‘f%’ E{Bﬁ%cé“sow ’Ié’g Oﬁm‘fﬁ A Ef’

processes anajkggertenylalkiaoss, dgtartohgdmino, hétaoa@mmpaylymn@) Ex;amayles

and Preparations Sections 15usi g]% an approFrl at | sot op !i]/ abel ed

reagent in phae@apralkyle hefsiecydyall ampedgud
arylamino, diarylamino, and alkylarylamino),sulfonyl (1nc1ud1nc alkylsulfonyl,

25  arylsulfonyl, arylalkylsufonyl, hetercarylsulfonyl, alkoxysulfonyl, aryloxysulfonyl,
heteroaryloxysulfonyl, cycloakylsulfonyl, heterocyclylsulfonyl), sulfamoyl,
sulfonamido, phosphate, phosphonato, phosphinato, thioether (including atkylthio,
arylthio, heteroarylthio), ureido, imino, amidino, thiocarboxyl! (including
alkylthiocarbonyl, arylthiocarbonyl), sulfinyl (including alkylsulfinyl, arylsulfinyl),

30  carboxyl wherein each of the afore-mentioned hydrocarbon groups may be optionally
substituted with one or more Cy_5 alkyl, C; 7 alkenyl, C,.; alkynyl, C3.¢ cycloalkyl,
halogen, hydroxy or C;.; alkoxy groups.
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One of the exenplary vitam n D conpounds of the invention is

1, 25(0OH) 2D3, which is mainly synthesized by the proxinmal tubules of

t he ki dneys, froma nunber of precursors. Another secondary source of
1,25(0H) 2D3 is through the conversion of |ess 20active netabolites by
the skin in response to sunlight. 1,25(0H) 203 is a secosteroid which
has been shown t oThelgun ahasereayctlalisy]i’ isfania--akal wbstituted withdieweacyelylhsihe
wel | as mobi Ld4lig &b flRdhRa LA BYRLER ABerol DAL h OB Lo Q) 500
has ot her cellular roles |n-espec§|ve of ‘cal ¢f um r gu a{lon, marnly
by i nteracti spstifutdd witlt @i on nidre € cegditydr C(,\DbiRhyl, Theal M, K055 aychantitybar
receptor; hogﬁvgr,hich_ canﬁgl sp be found in the cytoplasm c region.
25The consenSHEET s YHELY ¥ 'W%nyglr(’g?seroi dal receptor, located in the
nucl eus, §nteract ShaMef “GlibiyI TRCERLONS iflGies dSmpduady idihélkks Xvhich
receptor. Wiile the effects of 1,25(0H)2D3 are inconpletely
under st ood, FRntF8 2|cHBRM cerrgeted with pslguidly Berdtoan eErees afuR ir<O) dihe caenyl

has genom c Qi S Ik : bi-ndi ng. |
V% 95" bl S A Rl B ek PO G 98 s

30i nt er act i ofp pesfopmlits irdended hection - Fackonpe, carbdnylhroisietsimeythieonbstitutedhe
functional dQmain. i - bi Rdi in s vital fo
VIRl kR G AR R, e R R Ot e e ol 8 1

phosphoryl ation, ans
of VDR 10 Examflaeof moietims|vadel @ntaivea clibonghihclutip albliyldes kpoapecdib@sliof

1,25(0H) 2D3 ensure,.jts entry into,the cell nmenbrane, and its high
affinity {ondis S’@ﬁ%fsrlé’é&saﬂ_i’bdl}% “6i ndi ng the |igand- bi ndi ng
domai n of the VDRrhelted® (KB ok MEYAGGHT Mcli @S obhupS whth$h OOH or -O.

acetyl ases, thereby opening chromatin. Consequently, co-activator
target genes are ngmhlé%og?ﬁ Bghudes earing diremine, aoringeiodinpedc.hand,

wi thout LBD bi ndi fig, te%&t h%.fkhg‘tgd’l ﬁ@lqdés%(;ig'tﬁ:ls ﬁr‘?@flﬁgah:ﬂgg[h%{gens amnrécplaced

transcription nedi ate I stone deacetyl ases eracti
with ot héy rbphdegwratgmot ei ns. Gene transcription is nmediated by the

VDR response el e ts, which are specif.ic sequences in. the
oromt or regi one. e et brbuo iR Hihenaht o FR S G ERsrbe e
1, 25( OH) 2D3  edlspsotvag loapedrigs tHewwof atdl @hfainoaeak nodd ssythmedicentelmidaeny
1,25(0H) 203 further. regul ates m togen-activated protein kinases
(MBP- ki nases )™ BREA 5 MR G BRomEra b Rber SR B OTISHE S S8t Fay ip
di fferenti at Hefhed, iR ferbng oMibsBlu@ddsl8ochbMGEkY SRIREQFROUSY s {D)abr (MBYfoPSnino
converted under 15physi ol ogi cal conditions or by solvolysis to a
bi ol ogi ca? | yasids iThe Pesrdniveation istrheant eyegiededl sugthppssiblerigonpesy. gs well as
"prodrug” refigl ; j Ir i ¢ - -, oI
hvent 1 on  hap 2o R PP OBl et AR PAHT D, Ml -
i nactive whefPadmd (i)sisemed ntay be pseplajed asing ghinad eghthdrsoe offiyal beagernits, or

i nvent i,on.

converted in.yivo, Lo ANactiNe compound, of WO LIS, e
are typical | ¥ Pap Gif ©ransror n%gl IR vg 3 RGP e dLgokpn
compounds described herein contain olefinic double bonds or other centers of geometric
25  asymmetry, and unless specified otherwise, it is intended that the compounds include
both £ and Z geometric isomers. Likewise, all tautomeric forms are also intended to be
included.
The language “stereoisomer” includes compounds made up of the same atoms
bonded by the same bonds but having different three-dimensional structures, which are
30  notinterchangeable. The present invention contemplates various stereoisomers and
mixtures thereof and includes “enantiomers,” which refers to two stereoisomers whose

molecules are nonsuperimposeable mirror images of one another.
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20 conpound of the invention, for exanple, by hydrolysis in blood or
conversion in the gut or liver. The prodrug conpound often offers
advant ages of solubility, tissue conpatibility or delayed release in
a mammal i an organi sm (see, Bundgard, H , Design of Prodrugs (1985),
pp. 7-9, 21-24 (Elsevier, Ansterdam). A di scussi on of prodngs is
provi ded i n Hi guche piEsent iaivergion itidhpdss il ugmmeeumallsrl acgpiablecisgtopically-
Systemns, ' osium.Ser.i.e and in BI LEVES,
Carriers in R BRI BaRREENSE onring®® aefl e B e
Associ ati on el sdmeatogﬁﬂmimﬁél’r,elﬁﬁ an a®&hic mass or ma?:ihﬁmlﬂ:&ﬁ giﬂ&%t from the atomic

"pharmaceutical l y acce bl e rrler di | uent or excipient” includes
wi t hout |i m CEfY %dn%ﬁ\?glﬁg?rd\?‘éﬁi@ foyngipnapre. oy ¢ pi ent, glidant,

sweet eni ng agent, pdAhpENSEisdb RS @ﬁlié@k'%ﬁmcl‘ilﬁﬁﬂ GOhOE@ountid SMAE invention

enhancer, surfactant, wetting agent, dispersing ag 3Qs endl
agent, stabi cpmpises isgmwfdlyg@ém, su@tﬁSv@fﬁm §Hr63é1?ﬁlil sﬂchnaregcvﬁ &g

been appr OVGQ%H%Mm% h&ch%'ﬁchﬂlﬁﬁﬁ% es%ctfﬁ’s“gF 0 o5 zﬁd‘j HaS o i %n%%}wh as
bei ng accepta use 1h humans or St e

| anguage " phadiNractN|j bty smcaefﬁcaM(barsiafF(f) phlom‘hloux}ie@cln@s ﬁp,mddumhm
base addition_ sal t; C i.call cce bl.e
oo addi 11 oRr S Sibrii Vi AR NE R Por R Sl bt B BREAFRY
ef f ect i vepes serddiglthiprappaictddesntles tislitihg AOmMAAsRS madboltib s@bitityd fdlexample,

bi ol ogical 'y, or otherw se undeS|rabIe and which are fornmed with

i nor gani ¢ aciRFESHCH vive halfiife propdycer owge feguiremars ar Rince mag b preferred

hydrobrom ¢ &Cidhe SiélinWah@s aﬁabfé;pmﬂl'l)F Iab@le@@itﬂmnﬁﬁ@o?ﬂﬁlﬁh&@caﬂfbbﬁm d he
| i ke, and organic acids such not limted aceti ¢ ac

2, 2-di chl or o&tapsled ba@p@enh@iabte@hra@lea kn%ﬂgmh@bca@ﬂldd ingthe it BI by ProFesses

aspartic aci %al?éo%% dd‘t%ééé' deQMEd %ﬂa%aeeﬁﬁq&%ﬁl&o E;?e{ngples“anﬁ %pﬁ%gﬁ&ﬁ%s

aci d, canphoric canp or - c” acl capri ¢ ac

caproi ¢ afi dusiegpi yppreprac idgtogiaallydabaedacagbnt Bi placant theaon-dgbeledtredgent
acid, cyclamc acid, dg gylsulfurlc acid, ethane-1, 2-disulfonic
aci d, et haneSAEIHE™RIYEE" 2 hydr oxyet hanesul foni ¢ acid, formic acid,

fumaric acid, gal eat af ihe erhplary F@BihiSD eo@pihds of tueﬁheﬁﬁdms @2&@1&1}@3
gl uconi c aC|d l.ucuronic acid, glutamc acid,

I
2- oxo- gl ut ar Mhichds gainly wé}eaﬁ%%thepmxen%&mﬂ%@% uﬁ%f%@%aw?ﬁ%%m

aci d, 15i sobytashisers a@\'ngthell ReSidaryAohfte of @QB@H)QBB & thokh the RBfVebsi@ifdidess
nalelc acid, malic acid, maloni ¢ acid, nandeiic acid, et hanesul f oni ¢

aci d, muédc aetivemaiaholites By dieeskin ig refpensefto prindighic i 1gBS5(OH),D3 is a secosteroid
napht hal ene- SRl gL, 6 1o g mtrP R BB 64 Cg B Gk b ©
acid, oleic aci or ot xal'1 ¢ aci
acid, propi omodnll&mgd:alopym tothe slahatan. aImadc;htlpIy,rh,Bﬁ(GHaza3d1as gtk @Mhlacloles

d, 4- I st
S or e PR AR e eSS Pl R v

trifluoroacethe VbR §,a iubBRGY¥EPRIrChowivel, itafslalbdiBe fou@in the cytopldditic region.
| anguage "pharmaceutical |y acceptabl e base addjtion, salt” i ncl udes

those sal?s WAF eWSF@Pa}Sﬁh%t#ée DB difpreial ererier [oGupG EIha Rl g oipEraciseuith
of the free @@efRcetblls Ghentlsnd findl X e&pt! | y or otherw se
undesi rabl e. These salts are prepared fron1add|t|on of an
While the effects of 1,25(0H),;D3 are incompletely understood, it is known that
it also exerts a non-calcemic role and has genomic effects due to its affinity to the DNA-
binding domain of VDR. The DNA-binding domain of VDR regulates protein-protein
30 interaction as well as other co-factors, and the activation of the functional domain. The

ligand-binding domain (LBD) is vital for phosphorylation, an important factor in the

transcriptional activity of VDR.
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25i norgani ¢ base or an organic base to the free acid. Salts derived
frominorgani c bases include, but are not limted to, the sodium
potassium |ithium amonium calcium magnesium iron, zinc, copper,
manganese, alum numsalts and the like. Preferred inorganic salts are
t he ammoni um sodi um potassium calcium and magnesiumsalts. Salts
derived from or gahhelolyanelsculavoraighs andlipophilis prepestics of 1.85QHY,;D3 enlsure itsf
primary, 30sgg r rtiary e bst it ut

i ncl udi ng na uraiﬁ1 yx%gegﬂlg??lﬁlgn%& fts F&F %Im%%n“éaslds tﬁy?ﬁlgfng%ietﬂétg bgﬁgg
basi ¢ ion exdhadiged- bﬁdingslpmsinaﬁ ﬂ&svammnﬁa)ﬂ)osemmydﬁmmm histone
trimethyl am ne, .di etlp%l am ne, I et h%/ ém ne, hipr opﬁl am ne,

di et hanol ani A% Y1EEhd ?tﬁ’rﬂpﬁ’é‘“"ﬂ QFP& ORFRHED YIQIfFHEGE r{argef) genes are
2-di et hyl am poriHeaBRby coqlstméﬁ;llpk@me@meeﬁandl ¥&h&\8 LBY Bihfih8SVDR can also
hi stidine, caffeine, procaine, hydrabanine, choline, betalne,

benet hami ne, leg@#yAe Fﬁ%Sloﬁpﬁ‘ﬂ@ﬁ‘é‘i&lo&rﬁl@@t@@m@h@ﬁ?méCaCCtylaSBS by

met hyl gl uca b r 0 Hes,
o1 por agi no.  Tytactng SO S et bR CBHE Bfiner T A0y, RENIIE

| i ke. Parti crdsparsy clomeiiterwhach megmnfm Db 4esquneesin the ppomogpyd mgioneof the
di et hyl am ne,_ et hanol am ne, trinethylan ne, dicyclohexylan ne,

chol i ne and Ea”lﬁf'ei ne. Oten crystallizations produce a solvate
of the cofrpound ofn ddbigioh i/ 8 igkdinit Qctibns, F2NOHMD 1L reQNRELIALNx arf¥Sefflux
used herein, the term"solvate" includes an agagfﬁe gate that conprises

one or more AT aRd gfilotiter dppdURep I ukthes regAEs RN RREH AP SF N nor e

10 nol ecul esmﬁsemlaw;&masz Slecfthy Rh 1%V011l?&at\f@:tlﬁlﬁbltlbﬂ aM&e@1t11a9ase the
sol vate may be a hydrate. 1ternat|vely, t he sol vent may be an

organi ¢ sol veifferentigfien, the conpounds of the present invention may

exi st as a hydrat ke [ %g[ gl r . 1 hydrat e,
sesqui hydrat e, tr?l?] %I?xgt%lgalpét ?‘gﬁggsgat Og}ﬁ% ﬂfﬂﬁﬁgg?&%@%\e as the
corr espobdi nghsestulo@ctaédorfqums or Hﬁmlvxﬂm@mmdnmlbowshbf activeeruinponndafythd e
true sol vates 5 ile in other ca§e ound of the invention
Rl P v A e e S e R e e
some advent i the@mensed Meris ph&hﬁcduﬁa;gl;agee tapar Arpfoatigi 8] beG RTINS whe®n”

i ncl udes for ations of a cqnmpound of the invention (e.g., a vitam n
D conpound) %ngteﬁ%ﬂdp driPyesidn Beadyheielet dtronwerieddn dive fo digctiverqnipguyd

of the bi ol ogfgaldvintitfmt Ipy&uﬁ@rm@%ﬁaﬂ rabmy ﬁ&h\éfw&b@mm 8 ;?e@mm p&Ght
Such a mediumincludes all pharmaceutical |’y acceptable carrier

di | uent s2br esrepquneat %letll‘rvé‘ﬁw for examplemydryﬁgdmmd)mod@gmgrsgqngnghe gut
conpri sing t fe;ad td g oQuG‘BBHngHa AL, lstaH‘?naﬂg{Tﬁi Qﬁﬁ:g{? SULL e agent

of the present i1nvention m ni s orally
system cal | ycoqqmubﬁttﬁmaiellzgygd terqumse:mldlymmmehamdrg:;msmessalﬂlmdgald H., Des1on

:c g? ;rgvgg: ,[] ZL{) P%lpg%gghg)am ﬁﬁéﬁﬂé‘ (r%bsﬁvxele%masge?dam%g lljs[:gsesmn%f plo@lmgé is
provided in Higuchi, T., ef al., “Pro-drugs as Novel Delivery Systems,” A.C.S.
25 Symposium Series, Vol. 14, and in Bioreversible Carriers in Drug Design, ed. Edward
B. Roche, Anglican Pharmaceutical Association arid Pergamon Press, 1987.

The language “pharmaceutically acceptable carrier, diluent or excipient” includes
without limitation any adjuvant, carrier, excipient, glidant, sweetening agent, diluent,
preservative, dye/colorant, flavor enhancer, surfactant, wetting agent, dispersing agent,

30  suspending agent, stabilizer, isotonic agent, solvent, or emulsifier which has been
approved by the United States Food and Drug Administration as being acceptable for

use in humans or domestic animals.
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route. For exanple, they are admnistered in tablets or capsule form
by injection, inhalation, ointnent, etc., adm nistration by
injection, infusion or inhalation; topical by lotion or ointnent; and
rectal or vagi nal suppositories. The phrases "parenteral

adm ni stration” and "adm ni stered parenteral |l y" as used 30herein

i ncl ude nodes of abkiangsige dpliaonacetteily hbeptabletselt alnclade bodpicohdnd base
adm ni stration,..usually by injection, and includes, w thout
limtation, iaﬁqngl},@ﬁ us, intramuscular, intraarterial, intrathecal,

i ntracapsul ar, i nThéRhBidkalphatmideatallsiad@ptabRlatidd@difiBh salt” includes those
intraperitoneal, transtracheal, subcutaneous, subcuticul ar, .

i ntraaiticul &t vigespiuths piolegigsheirativencss andpuenssss @hthe {feg bases, which are
i ntrastersal nb{Wisebicaly el Dfst SARRI- ARG $hichlalOBrmed with inbffnRRRERASES
"systemic admnistration,” "adm nistered systemcally,” as used

her ei n, i ncl gerbsast v nefdiviitidderhadiashloot acifchydrabzeria apidcuwipyc aeld. tiser
than directly .,nto. I r LSS t. 1 t

the subj oot - Sy ABuHolE sEE R Be RE HERRE ST g ok Sl b

| i ke processasid, I, pdichiocaspbie, actl)bdipicarrioniginddarid) hgtoriad #ad).aspartic acid,n
some net hods, the c osi.ti.ons.of .the invention.can be topicall

adm N st er ed PERFERST TR A9t RISt Acis e Ao TAOI LI ST A dammphor-
include ap aneauldnid A Weprid\Rid, 6ok AciaXdapryialacidUéhmmesaci, cinayacidor
whi ch I'ines hollow structures including, but 10not |limted to,

cut aneous andithgiead gyclamicragide dodegylerfugisiscesthaie- kirdsuidenic pqidl ude

oral, phary nQg-n]%esul?éﬁ'cpg&?@;@%&&d\l}%ﬁmﬁ@ﬁﬂoni@%,%mﬁ@h{cri U mBRAS Hid, galactaric

buccal , 1ingu vagi na l, genitourinary, alimentary, “and
anor ect al sumnfidcgestisic acid, gh@oherienic Madgleanicleidf gnenrbrit ecldi glutamiceacidet vy

of conventional for loyed for i cal adm ni.strati.on.  The .
“nct ude. 't or Saried 2 STRRUGR 4L e RO AR p AR Kd B lE o, e acig
| i qui d sabut isbstydt addidaeioatidnkctobivpieasidt Rures:id, doldkd add, reamaRrl, malonic
gels, creans, .emulsjons, lotions,.sluryries, pawder sprays.. foans,.
past es. | o nt MR BCElT b SRR dEHe Bt S e talehe 5 tisulfOR st
Convent i onal hypHigdche Qadulfofic 2cidOT-hi @Bk £8lnapiRbit 6all ] BbiinicHeld)dRIPRE, | N,
gelatin and derijvatives thereof, polylactic acid or polyglycolic acid
pol ymers or EBWEIRGHe el pef R3imitio geid| PANUSIIL SFINANG 4% PstRgh! tggic acid,
met hyl cell u?gﬁ?ic afl p.@ﬁ/lfﬁe&cw ly_G8hésliQe 1ac'1ﬁ,r seBAdi G E et hdih Qi&inic
guar gum acatia gum karaya gum tragdcanth gum bentonite, agar,

car boner 20b| acidemmarcicid, deecybwnpeid, moktensslfand acidr riflaeiogestic apidr eof |

ghatti gum hectorite,..i | a husk, polyvinypyrrolidone, silica
and derivati \1/1§§ec erélfg'%]fi’, g@iﬁ?#&n gum kaolin, talc, starch-and

derivatives t her elhe laparagé f'plarmuetieeally degetablelbasesrdditmnisate] in2lbodesltbose

pol yet hyl ene, pol yethyl ene oxide, polyethyl ene glycol ol ypr.opyl.ene
Ol yool . gl ycatBiwhich RIS bislesical efectiensssand Eomirgrs of tegieyabiog, which are
al cohol s), f inseslolebicsil s bihemyisP QhRSFAVK Tkl §H1t8 Wb prePREHIEsd i Bidifion of an
calciumsalts (sucﬁ as chloride, carbonate, bicarbonate, citrate,

gl uconat 87 | Ax¥gANS bage @it A Eganig brse it the Beoppcid. aPalis deidyed from inorganic bases

include, but are not limited to, the sodium, potassium, lithium, ammonium, calcium,
magnesium, iron, zinc, copper, manganese, aluminum salts and the like. Preferred
inorganic salts are the ammonium, sodium, potassium, calcium, and magnesium salts.
Salts derived from organic bases include, but are not limited to, salts of primary,

30  secondary, and tertiary amines, substituted amines including naturally occurring
substituted amines, cyclic amines and basic ion exchange resins, such as ammonia,
isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine,

diethanolamine, ethanolamine, deanol, 2-dimethylaminoethanol, 2-diethylaminoethanol,
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St andard conposition strategies for topical agents can be applied to
the vitamin 30 D conpounds in order to enhance the persistence and
residence tine of the drug, and to i nprove the prophylactic efficacy
achi eved. For topical application to be used in the | ower
intestinal tract or vaginally, a rectal suppository, a suitable
enema, a gel dicaeloksxylameng, lysiesoinineolstidine oaffrdires pronaing, hydrabimisercholimen
be used. Topical tr I al t.che .al so be used. Tr der nal
pat ohes have PPRge R ALRE G e ARLFC RIS, el BERr ol BUERETe o1

t he conposi t tedbrogiine triztlianvieminepmorhéerhihige hadlyies, fipelzideyageidinel N5 can

be made by di ssol vi.ng or dispersing the agent in the proper nedi um
5Conposi t i onegpEH glFrRPMHJ%d'e&laﬁgrﬂéH%Hﬁﬁﬁ?ﬂﬂ%r@a BRI pases are
SUpposi t 0§ i efsopidpyla@EicalicMilavg, BRhnALHMA| thEALTafihe, JGIEhKFRAMDR,

prepared by m xing the agent with a suitable non-irritating carrier
whi ch is sol Feplige andem{ein®nper at ure but liquid at rectal tenperature

and therefore w | ol . i . . drug.
Such materials i ntgrt%!é&%%@g&a% BP @g?%ggbbgﬂevsa\g{%atg,tﬂ%g%&gp ﬁ%/?@?émg%?gl(é?”g
supposi t ory wdamioD eonifisiad). Ad wedhdrbiat the &rmdkoldatet incloden megpepst thae,
but liquid agogod%gtee _era_turf alnd ftherefore twi ||l nmelt..in the
rectum or vagTHAT L SN FyARGOsPIsS 8L yHwPoRRY P{Le Myspfion vEEh PSS M%hs
whi ch ar ¢0 suidoiideliles bvolweagi ThzlsoBeiitinid e vadtér0in villiSiDcdsé Gl olOath @fSdk:iaCS,
t ampons, cr eggﬁ, gel s, gastes, foans, filns, Qr spray_conpositions
cont ai ni ng st¥agaritranavely the solveRORAY Poan prgamy folYeat-bBwagtg? epPpopngs of
The carrier eRRkAYRAneRribhRay xiRNRLTBEA IneRUInGATRADh A28 SdiRdride
invention shoul'd be conpatible with vaginal admnistration. For

opht hal nmi ¢ appnihzdraieoypsquikysatp Hahydirtevetrabadrateong d likeorssvadlas thee
formul at ed  ase 6l AR aRH TARNS 188 2ok Rour 3% Bllifivenfilh I%g# HEhEE s | ©
sal i ne, or, prefS rablS, as solutions ih i1sotonic, pH adjusted sterile
sal i ne, &5t hehilevnt ditharrcases.tthocimpoupd efthe irnknticn iRfsmedelyastain adventitious
benzyl al koni um chl.oride. Al ternativel for.ophthal mc uses, the
Conposi t i onswgzﬁhorbbeeaflg}’%laﬁf Bt Hu%lho%‘% Eﬁltvﬁ[étmogﬁf’&ﬁnés petrol at um
Exenpl ary opht hal TheClaf@iap® SphahfitauticaCl it st dERHEEDiGulatRkAWdes S,
solutions and the |ike. Powders and sprays can contain, in addition
to the vi tanf?{n@“egﬁ’gglﬁh'afﬁm% - @rdtadip R cquppupdy gadsa medipg geprgly num

hydroxi de, cadcehtbdnSthd biGa3beSIREG B UMAGHEEAIRPRAVIGImpohd 87 tit HEidAto a
t hese substances. Sprays can additionally contain customary

propel | ad? s, subigsh Swshahnesiwn ingbidehglbpivemndsyticallanecepablgicatriers, diluents or
unsubsti t ut eng{B{Q{tQ&@féB?”S’ such as butane and propane.

Pharmaceutical compositions comprising the vitamin D compound and/or the
chemotherapeutic agent of the present invention may be administered to the subject
orally, systemically, parenterally, topically, rectally, nasally, intravaginally or

25  intracisternally. They are, of course, given by forms suitabie for each administration
route. For example, they are administered in tablets or capsule form, by injection,
inhalation, ointment, etc., administration by injection, infusion or inhalation; topical by
lotion or ointment; and rectal or vaginal suppositories.

The phrases “parenteral administration” and “administered parenterally” as used

30  herein include modes of administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intravenous, intramuscular,

intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
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Ordinarily, an aqueous aerosol is made by fornul ati ng an aqueous
solution or suspension of the vitam n D conpounds together with
conventional pharnmaceutically 30acceptable carriers and stabili zers.
The carriers and stabilizers vary with the requirenents of the
particul ar compound, but typically include nonionic surfactants
(e.g., Tweensytraprifposal, mnst{aoﬂlqaétsh@du@memgl eylbmtlcahd inthearticukes)spbqapad®i ns
la.lc:r(gssngkT le gafacg?or%e mttr)asi)]f‘?‘xgl an tlr?tlf s%emall 1nelecg(r)% a%df mh]SSIl?él élr nm}lstrar?ono

Aer osol s gener aI I Yhaplﬁam é@atreﬁﬁic :idnﬁmsnﬁﬁﬁlp’l’ﬂadmﬁ'ﬁﬁt&téd OREemiERINE T ibeIN
of the aeros means of delivery of the present

i nvention ma elsgl %@6%& ISHH IS the g vifagn qunderahis thar ditrellydpto,
For exanpke, widtchitg n@ﬁ%@s teﬁﬁﬁ&‘ﬁ%atﬂ%lntel/sethé’sulﬁ&?s‘é R R tHug, is subject to
supplied in a finely divi form al ong with any sul tabl e carrier
with a 5propéletagplism and otherukqtnéfcp@as é@rﬂs@mplarﬁubmawouwnamsu%nogases
at anbi ent condi t {,0n%,.30 S

propel | ant may bei a@l acce(%{sg%ge aﬁ% ﬂ%yﬁﬂ?%nv? go%aclrzi }Fﬁl&?n
propane and bdmaimgredio any hpitheliolwrfacd. kantepithaiatinriase’ ’t1hds® amfalcqoofttissxﬁ
carbons. The _c osition.is_hel t.hi n nt ai th an

appropri ate H}aggggleiga?ﬁte]%ﬁl“%ﬁ/ Vgé’ﬁa Of(ﬁécﬁﬂ‘l h@go“éf TOSfUEGpelding, but
pr essur e 10nt inbt lirgedas fatdA¥oRGh afhcedal $uiRcasalSvien cpithelial sUifieey inkRide Bral
conmpounds can al so be orally adm nistered in any orally-acceptable

dosage form Ph%wﬁ%asopmaeah@elmorl% eplar.qurad13sal Ruscal clingpely wagingl | s,
tablets, |ozegges, ééiﬁt'o{?ﬂnz@y, a'hﬂiéﬁfa%ﬂaﬁlﬁéio?ecta&'%f?&césy sucrose and acacia
or tragacanth) powders, granules,” or as a solution or a suspension
in an agqueous or ﬁ@tmn@ﬁe]mwsn bg fgmleﬂatednn avarigty affonyentignal fgnmsremployed for
wat er-in-oi | tc!p'l&}'é&?mﬁﬁ}ﬂlu% Or’bhes%rmaﬁ ?ol%kln %1& s2fni- §%1[d12ﬁ1u 1lgl'riudad%saoe forms,
pastilles (usrng an 1 nert base, suc

sucrose afd aehcs d@juidndiitonsas suapandnonaasmbp@utamk tldmehd:s kmmaeagbﬂs creams,
containing a 1;Joﬂr@det irm ne armunt of sucrase octasul.fate and/ or 1

anti bi oti c ofEgH" S BRVELY: SBRY% 03 PYES; Hgsdice "e*’ﬁ{)am
vitamn D coHpme@orrm@psal SO be adm ni stered as a bol us, eI ectuary or

paste. In the case of tablets 20 for oral use carriers which are
comonly used i nc i erieniionally yaedaagricanion apical apmlications inclyde H‘Ef“ég%fﬁ%t%"‘ and

such as MagN@siWIVS&IEALS folyBER RISG pto)SQl)Eaﬁé %1@9(51?91&3 5P EodiyRhers thereof,
adm nistration in a capsule form usef | uents include lactose and

dried corf stcddhdese de@ﬁvgscﬁueb@ﬁsmsthslpéﬂglpmsarm@méq&F¢lthOSbmr ogidaged
use, the act 'cé’lﬁltlésggorugfj%ﬁqlﬂtacbcg 9@@3{ Q\G\fntfﬂ Q%Hﬁ?k&y'%ﬂtoﬁﬂg agar,

suspendi ng agents al'n “sweeteni n 1avor
25col ori ng agmhd:mem’alyd@lmmche:emdﬂmd deﬂfmblaed d¢r1\a[mlesdh¢reﬂif g,lmlttl glurd,os age

or prepar od SAHESRERYS kP SRtp PR E O R TR ReE SR

ot her coat i ngsmy®lolin kleViartNatdRriphdveiaressf, iparlfin, MakdtNcgbtBlg add fnimal
They may _al so_be fornulated so as tqQ provide slow or controlled

rel ease 6P t RES gebyprgleps gplyathulene prds, @PH@M%&IYF% PAyRIfpylene glycol,

hydr oxypr opy LRt 8y Ethﬁﬁ‘dl' 15%51?&%1 'p[bp?fé BEWENISREQR Ah OIS fikQ RO¥Idélem !t he
desired rel edse profil nmer ‘matfices, |iposomes and/ or

m cr ospher es PotFseym, mﬁymn@nsmmesmm cglgiuny sghts ESiéehﬁﬂ chlorfde] qartpnpien
through a baglghbel ShildRfoldd i RExe, el JNCHHRAY UG, StETT T 21 NG

agents in th orm e sdl éorrpos can be
di ssol ved i n st er blardandit @nposizionsoaegied foe topgfakbageh® can be applied to the vitamin

30 D compounds in order to enhance the persistence and residence time of the drug, and to
improve the prophylactic efficacy achieved.
For topical application to be used in the lower intestinal tract or vaginally, a

rectal suppository, a suitable enema, a gel, an ointment, a solution, a suspension or an
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i njectable medi umimedi ately before use. These conpositions may al so
optionally contain opacifying agents and may be of a conposition that
they release the vitamn D conpound only, or preferentially, in a
certain portion of the gastrointestinal tract, optionally, in a

del ayed manner. Exanpl es of enbeddi ng conpositions which can be 5used
i ncl ude pol yinseit ganshelised nEenicad ansdenas patqies may taise de juprgr ddansdermebpatches
al so be in mi C L f i at. | : e
ot the- above " Beane RERRSHAELof RERhin coPRIaRER At For i Loty oD of BE
adm ni strat i dnventivel tode tpldar fedhelobige dbinys can be pladdbediesuilisg ardspersing the
m croemnul si ons, solutions, suspensions, syrups and elixirs. In
addition to fHETH ?B‘@P?rﬁﬁ?cEYfP'ent, the 1iquid dosage forns may

contain igert di |Q@Iﬂﬁ&;itﬂ&l@@mn@ﬁ\ﬁ\bénﬁkﬁﬁéin!be_a&hﬁliﬁéréd inStHEfbra%f stppbsitories
exanpl e, water or other solvents, solubilizing agents and

emul si fi ers, fgueqil 95 vaging) pdminisgraen. Thesmeanbyiprepated by mixiag the agent with a
carbonate, et 1 . ZY bnah 6OR8H ot RERZAY L . ne
gl ycol, 1, 3- %&l}%ﬁﬂe:‘%gagﬁ'é%ﬁ%z& +Vs %‘:}Sn para1 % ]i%cﬁilztallrn%) Q@gﬁoﬁkggﬁ?g@%p
groundnut , ctamperagee and theiefae wilbwed in tha decoms anwgoialts jeleagg the érugl Such

t et rahydr of ur al cohol . pal hyl en | ycal nd fatty acid esters
of sor bt an. mHiea bR coBR VR YF P dolEhy R R RRE i YeBf S Rk R
conposi t 1ons sadiplatl tha is stidud®oadEmpanise, SudRuidsat bedy tengeragening,

emul si fying and suspendi ng agents, sweetening, flavoring, coloring,
per f uni ng Andhef e eI ¢ FPEL or SagipRfayibhand rFlgas i A°H¥HR8°8t t he
vitamn D C0E@&?Bﬁﬁensfmﬂc}ﬁ@@Elﬁiaﬁle$&5ﬁgﬂﬁl DB gRe AN S iRFudelfREsaries,
exanpl e, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol
and sor bi t antaB{Ess, sreampcyehie Pisias diopmp dil@s| qr §pigk eompgsifipnp eeRtaining such

met ahydr oxi dg, [ 3 (R Tof: =10 &E}g ] es

t hereof. St er‘éaljJ Q%P%?g%%?gp@%?ﬁs%ﬁ%@ﬁ? 1v}%'t g%gna%eﬂ:o %);l?ﬁ?iltéH%an be
aqueous &F obkeyRcrutisal sompesitiing pf the resetigudpeldde cnspariye With fagimll at ed
accordi ng togérﬁﬁlgsﬁ%tﬁbﬁles 25known in the art using suitable dispersing
or wetting age "suspendi ng agents. Wetting agents,

emul sifiers and | Blitophtalngc agplichticas, the planmadeatical codpdsitiohe carst formulated

magnesi um stearate, gs well as coloring agents, .rel ease agents,
coating agen?%?“%%@géHﬁpﬁﬂriloqsll’NBPPngﬁﬁ&“ﬁ‘é& F‘Gﬂ\reﬁ@_l“&g%fn?’g?emﬁy’ as
preservat i vesgolaidhs aisb@xic I hGuaddst@ile SalRe, BeSRI of Withdh€a preservative
conpositions. The sterile injectable preparation may al so be a

sterile 30i npednrabraysiiontibehleides ddisensvdi fonorthabnicongse the compositions
parent er al | yzaG668LARAEd B dn4sRineRf suél?!ls}/&%%latum. Exemplary ophthalmic

compositions include eye ointments, powders, solutions and the like.

Powders and sprays can contain, in addition to the vitamin D compounds,
carriers such as lactose, talc, aluminum hydroxide, calcium silicates and polyamide
25  powder, or mixtures of these substances. Sprays can additionally contain customary
propellants, such as chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons,
such as butane and propane.
Ordinarily, an aqueous aerosol is made by formulating an aqueous solution or
suspension of the vitamin D compounds together with conventional pharmaceutically
30  acceptable carriers and stabilizers. The carriers and stabilizers vary with the
requirements of the particular compound, but typically include nonionic surfactants
(e.g., Tweens, Pluronics, polyethylene glycol and the like), proteins like serum albumin,

sorbitan esters, oleic acid, lecithin, amino acids such as glycine, buffers, salts, sugars or
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for exanple, as a solution in 1, 3-butanediol. Anong the acceptable
vehi cl es and sol vents that may be enployed are water, Ringer's
solution and isotonic sodiumchloride solution. In addition, sterile,
fixed oils are conventionally enployed as a solvent or suspending
medi um For this purpose, any bland fixed oil may be enpl oyed

i ncl udi ng symtgaetlcehalp nerosolddenghlly acipdwgred From jsotauicdslutiorse Kieasratipredic
e AN LS o RO B AL BB B3 Bletredel 6Bl SREAE MR Blnea
i nj ectables, as are naturar pﬁar maceut ical T'y- "accepta I £98i°F 85°8RE

as olive oil bpangahomethols kresmds ithel drty Honetdngile, ipthk rase\of bérgha delivery, the

5versions. These oil sol ytjons, o uspensi ons may al sq ntain a

| ong- chai n aF¥BRABId ﬁ“@%‘i‘f IBrasf{!PFg’pﬁgY@%quFm? g Wdhy ﬁ“ltﬁgﬁecfﬁﬁt?ﬁ%%‘a
wi I represepiopspdie percentage of the total dose in other dosage
forms in a material formng a conbination product, including |iquid
sol utions or suspbisapiéniproralips aiettricadly gagps gbHakicnteapiEans e age

, | si | of i eS| ' ,
o ey s S QB LR 460D SRR SFE B 3w 175 g5
enbodi nent, irvtuding mopane Endoutpeyuocbthejovbe abldnes swhes dabse of up to 5 carbons.

prophyl actically. For. pr. |actic applications, the vitam

Conpound. can 188 Lorppiish DR AT rsPBRe S agRPirnts thop @A fand valve, and
applicatiion @atdigedfdkicnitZeprebsardmil roloaged Bieachb® phik asiivé.c
effectiveness of the vitamin D conpound. The timng of application
will 15vary dependiPhyasHn Drompsuessen danpbhretly apmeiierebedsy oy
stability andcRphBielb¥en et nGARRAehdtMMicd th @apfufq URABKNs, Efﬂsttﬁﬁet_s,
dosage, e.g., single application or nultiple dosage. One skilled in
the art wil| lazengep wings pvoedibasie usprdly yaarpseang rersid Attengadanid), noveessal
required to j#1] i . eCt 1 L f.am .
conpound. Thgﬁé}l@dﬁ)‘?%P{)Qog%}rgﬁigoghéﬁ%ﬁé{@%%g}égﬁ?&?ﬁgl;n co u%%u}s?lqurgi’%l J\?\,ialslan
gener al | ¥5 be oR4n-pyaaentwatan-imnil diroid eufsianpedscntelifir 00 HOOH, o tOpaatilbast
100% nore plr(e‘f er abl‘%{ﬂ%irsombl bout E‘% OQ%W%té). ?bog{]t 'OSSO(yd anga)rg%%}ora‘ uth
preferably froMEBRNT T 0LY6TH AECUE" 25963 Pot el weiGiee FoP
conmposi ti ons wathek bRl M BRERhcH CHn@itih@ N pRAEPEIifedncunt 8f Jukke odtddalfate
conposition conpri s_g_s,[, for exanpl e, frgm about 1% tc? abggt, 99%];J
preferably fRASHPHAIGHCISEEE2SS HORRGIH(YIoEN AftYe e 'Pite BB, O r om
about  75% t 0 .8REMINd ARXPINY BARLHAistAEd B a bEAAS L1eBRS YR PEIE Tn the case of¥aBlOss
the separate conponents of the conpositions of the invention may be
pr ebl endét oforesd ag_ﬁfe G#ﬁ'@ﬁé’t‘hlchﬁ9 Emm_a@lldela;ds@ﬁaﬁ%l}aéme ang cppestaelhe f
envi ronnmen n r . : .

achi eving  noagelh el SR AR R RArEROR REicp iU PSR
conponent s andmidstlabeginascapdvde foonpasaiahdidueatsemtludsl lhgtoscome diied oorn starch.
intimate admxture with each other. .Féfit_her1 t@i %F.esegt i nvention d
may be admi nivSt@r8Eosr SHRTIMPAP 8 TBIIES LY RET B i BHVY MESHIR £ sRpOIe

basi s. with emulsifying and suspending agents. If desired, certain sweetening, flavoring or

25  coloring agents may also be added. Tablets, and other solid dosage forms, such as
dragees, capsules, pills and granules, may be scored or prepared with coatings and
shells, such as enteric coatings and other coatings well known in the pharmaceutical-
formulating art. They may also be formulated so as to provide slow or controlled release
of the active ingredient therein using, for example, hydroxypropylmethyl cellulose in

30  varying proportions to provide the desired release profile, other polymer matrices,
liposomes and/or microspheres. They may be sterilized by, for example, filtration
through a bacteria-retaining filter, or by incorporating sterilizing agents in the form of

sterile solid compositions which can be dissolved in sterile water, or some other sterile
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In sonme enbodi nents, wherein the vitamin D conmpound is fornul ated as
a sterile solution conprising between about 50 Rg/nL and about 400
Rg/ m., for exanple, between about 100 p,g/nL and 350 p, g/ nL, between
about 150 ps/nL and about 300 p, g/nL or between about 200 kg/nlL and
about 250 gg/nL of the vitam n D conpound. 5In yet other enbodi nments,
t he vitanm n Dierpbousdundmmsdiatelubatere ase. aTles&errqrmr@smnwamisq:@pmmly ng

bet ween abou n gﬂrg

about 55 gg/ %10}? ngpFg'jtl)fgfhjl"ad gntg i}geb f%m%%s%g& hagté&bn}%he F’ﬁ_tg gﬁggout
90 i.tg/ L, betpemd oalyourtpr%rejntlhlg/ inla eemeingontiin E@hepgsntintestind] et ween
about 701. 1g/nl_ anpd ab t 75 R he Vi n D co oun

SUTLT ot her - GRURtRE SHey g e FAA I O PO e TR T BTN et 2 o
sterile sgl uusdannawayouﬁhm sEBdtMR e andRAbtes. MR dctibedinBledRACtaR BRY be 400
ps/m., for exanple, between about 310 p,g/nL and about 380 kg/ L

bet ween abouF“‘EFSGH?aPF‘{:}Ptﬁqi_ %WdlfaBHGPﬂ%%mlg'gq'ﬁ@f Wl%%ﬁth%@??"aﬁ@iﬁflbgﬁo
kg/ mL and be H@Bﬂ one
enbodi nent s, IE:co r| se 1&%%%c9’f %Ef?ﬁ}gv@%%%ﬁ%hgnoc@p%ﬁn ) ?ﬂmgénlgr her
enbodi nent , t1¢vepﬂablﬂnmmlaﬁtqn@,nmcm¢pmlsm saldions, Sulperisornls sgttms and ¢lagitisnIrD
conpound. In rt vita i s cal ltI‘IO|
i other enb bR s L RGITERL melid R e SRR Caln iRy G
undenat ued edsrhmnmﬂy uaenkinrnlml eys @uidhais,efoﬁékalﬂplb water an@hérablvero,adiubiizing,

the formulation is diluted 1: 10 in 0.9% sodi um chl ori de sol ution
prior to ad nﬁ»ﬁngstarnafrlaﬁlffeas $ aéawjylsefoﬁogesopwpyl alrwoéarrd?amﬁrenehrl

the vitam n RceaamerY a1bamn>,rte %glzéﬁeaplgﬁﬁéﬂelg@yc%ﬂllq Ertyleﬁe glycol, oils (in
formul ati on of _bet ween about k / mL and "about 46043@ in a
vehicl e of annyarle*ueot@wesfaserndw P, e BELTasEr andhprshe oilshRlceBd,
w w) and pol ysorhat@.20 %&P%ﬂaﬁ Wiycd ?

sodi um chl O“che gﬁ%u{y?on:o USpP Y pr)iﬁ%]r tyg lg %@F‘%tr?tar@gte%tg%so%fg&gg l‘ﬁ{ﬁ(host
I n certailh enddicarbutesf. the vitam n D conpound is prepared as a
sterile calcitrio naveh cIe
of “anhydr ous. 200 BFOF e WP e R PPt 1B el

grade or bet tnemngﬁ@&ﬁwkﬂﬁllsﬁﬂdopmi 8 pendBigegeids, s@é&éﬁﬁ@,ﬁayoM@Pccgma@ge or
better (4%W/V\q and iluted 1:10 in 0.9% sodi um chl ori de 30sol ution
(USP grade oP®BURingAy %P?%‘fa%a%r&m nistration to the host. I n

accordance W th tH@peisemeNh a8difed RSHE Gitanfin ¥ dodPolnds, HAPBUAA suspHifdind S
vitamin D3, or anal ogs, metabolites, derivatives and/or m mcs

t her eof , 2fray agsatsagrfonPomale ghoxylaeh|sariearyotcohplsrplyrxyeth Heressekitol and
agents, tor ?&Hﬁ;ﬁ éﬁ%&eﬁﬁ&?g%ﬁ h(ggellgl%l%ﬁ a, n‘ﬁIﬂErﬁqﬁ ahﬁ&rl_p)&ﬁgst%ntom e, aﬁ%-

chenot her apeutic agents e vitam ounds fray
be adm ni st engd apd {rggacandh, agd nu:ttu@némmfy with, or subsequent I y to the

adm ni stration of era t to I‘OVI e t he es ired
i Tect - whi 1 6 not SHHEHATRGATG RBEE B o i HA SonBrRrEtdP ShEuF 5T ¢ he
met hods of thhagn@rseﬁ@ahsmmvmtsa SiRpeBsn ey b@foaﬁlﬁlaf&lab@ﬁ&lﬂg)fﬁ&&inmeby
i e avai ab| lity pl.uri potent stemcell progenitors.

i ncr easi
Such met ﬁ%d R B¢ %E‘ﬂ?n?msuétélnlﬁ pﬁﬁ?‘?‘Bﬁ OWVEHNS pEFREEAN SFW&?‘Bﬁla&eEtsg ,

those enpl oyi ng gnafitsQemite eﬁ&ﬂsme@éﬂdngbﬂcaﬁrs %cpss dedfert lautyPsul At Li@s e
proliferation of nyel oid cells and/or i nprove their nobilization from

t he bone mar PBgResiuReseAsste.dis meHias helagng #gsng ogteaspragentgropting agants.on of
col ony-sti WLM&%J, ﬁ%o?fnﬁ and perfuming agents, preservatives and antioxidants can also be

present in the compositions. The sterile injectable preparation may also be a sterile

30  injectable solution or suspension in a nontoxic parenterally-acceptable diluent or solvent,
for example, as a solution in 1,3-butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's solution and isotonic sodium chloride

solution. In addition, sterile, fixed oils are conventionally employed as a solvent or
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10(CSFs) as well as the recuperation tinme foll ow ng chenot her apy.

The vitam n D conpounds of the invention may nodul ate bone marrow
progenitors and stromal cells prior to the adm nistration of

anti neopl astic agents. The nethods herein may be used in conbination
wi th standard therapy (e.g., those using GCSF) to increase
proliferati osuspbndiyemedidme &or thisanepase. anpblaod Exedhell mayrbbemplezed ineludingm
15 the bone A e .m.pishing. t he SE - 1N Stration
of col ony- ot PHLTAE o EEh S e Rt ik R R0 R BT ERSEAEE' T
foll ow ng chédemiadtiesspy uschuildn the prepspect ofihjetfables,ny ertnamiml phaviadasically-
met hods to determne.the optimal dosage of the sybject vitamin D
conpounds ( s@tfP g‘bfg\?ﬂlf’éﬁflhglﬂ%‘)v? ofl RE?%%’F ﬂ§= edg?qlﬂ}];'tlp theg polypxyiindated, g/ or
active nmesabqQbistoas THE 60 foludidhdor fRYerRRNAMAY Riss LIt alléhAcHRRLJI@RbL | N
20 certain enbodi ments, the vitam n D conpounds of the invention may
be admi ni st edBeen or HiprRearsnt Thevitamar D gompaunds wihepreses seres perpapge of the

herein, in c i rqﬂ%g B y! . er.m '

t herapeutic g(g'%sl?o%@e er gg{aﬁ% ﬁ){nﬁgﬁjo%tnlg%%ﬁgﬁépgggg‘ﬁ?)@gl@gg)go%dra%?@ cgl?é
t he nmyel oi d bghidsolstibirourtsuspknscons segpaesithyeredashese enemasf gebse trearvis tehmmdksons,
whi ch may be oliltoin!e. iS u%qest o8 d St ect avi ﬁ%l | i taxteof .tthe nyeLgi g cells are
known 25in tﬂ'ue art, " acP U hsg‘rir S FSUY: B CCAH6RY S hEh QAT S angenes
aut onmat edot t yppe ald oderexcl usi on, dye excl usion, . net hods using

fl uoroneni ¢ excl ug_}it on dyes, i nmmunofl yorescent and direct, m croscopy,

the use of radi oabt9r&nPeBsHbNean@MEE PremPPERd BY berdutisrtne

cel lul'ar f ungtjp@a@icaly.aldr!prd phylabiiappsiatidhs, B ARMIRPSRANDoSMEAN SR applied
sem -solid agar colony formation assays or mnethylcellul 0se assays,

met hods to detiecte petentigl G kKhedingng abapplientios caisbheptiBgzed) t fmaxinige the
substrates, . oy : 0 . 1al. .
T s s T T U
subj ect Vdt aminy dEpandimzeurtbe msdegftadmandistation, doses, the lstabBiparlddffeetiveotwadf

that all enbodi rren[ts &‘e§cri bed {tﬁrgi ‘nm%abov‘eo nd pel ow) ar ﬁ ,

cont enpl at ed “TBPBEEpIE TEGULEHBE NS 0HEH Sy TR TIPSR ST EHPlSJos08%er e
appl i cabl ]?’ 'ﬁ)ne!shdém@ tﬁaﬁwdailgﬁerurﬁge K(Ejbei‘éferm tmeghe(mbgt gpl%}d@ﬁaé@iﬁﬁg Qitt}:ﬁziﬂe
aspects of the jnvention, and, enbodi pents descri hed under different
aspects of tFF@“FE‘%\;@H??X&H!ZGBYWWEE’@%?“F%I S AgmEk spmeeung e pei ng

subm tted to ill ughd @tenif TRAHPIBRY Shé&H prbfRAt RaQDBPbsitliV R deBBrally BESE
Exanpl es are intended to be illustrative only, and are not intended

to |imit20hePseain Fameyat framaheut 00RO o 2tosph ks, nmse pisfasghdy from about
t A . . . 1 ,
per cent ages giof1 o Uf &?é%umd%ﬁélséﬁ{ege%ﬁg& 6! AL 96 10 APl LHBLE! N

"room t enperature" ers'to a ature o rom about
about 25C. Exmigbl.e 1 Cheno-protective Effect of 1,25(0OH) 2D3

For compositions of the present invention comprising a carrier, the composition

comprises, for example, from about 1% to about 99%, preferably from about 50% to
25  about 99%, and most preferably from about 75% to about 99% by weight of at least one
carrier.

Also, the separate components of the compositions of the invention may be
prebiended or each component may be added separately to the same environment
according to a predetermined dosage for the purpose of achieving the desired

30  concentration level of the treatment components and so long as the components
eventually come into intimate admixture with each other. Further, the present invention

may be administered or delivered on a continuous or intermittent basis,
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Mat erial s and Methods 1, 25(CH), D3, human reconbi nant G\ CSF and

G CSF, histopaque 1077 were 15 purchased from Sigma-Aldrich (St.
Louis, MD . 4-hydroxyperoxycyl ophospham de (4HC), the active

nmet abolite of the chenotherapeutic drug cycl ophospham de, was

obt ai ned from Duke Conprehensive Cancer Center. Tissue culture grade

agar, fetal calf Bevmaeprodmentsniheseindes etnbuDrosweusd wbeinfulase as a
Eagl e s Nedi (NG, Y56 SR ALDEH LEATH LML ER0SD, (£R1L 9RR St

Peri pheral circu I'Ng "proger tor "stem wer e ¢
veni punct ur eb@fvebhgbos B PITANGIMS. e BB0 Qb/miL, Bedlebdaboll 3 MO and Bbut 300
sodi um heparin vacut ai ners (Becton, Dickinson and Conpany, Franl dyn

Lakes NJ). THe/mjudrbetwesatabowri200 bedilnen appuigSadigénk of dwtvitimhingd romopound.

usi ng hi st opagu . nuf acturer' s instructions. 2l | s were
hashed 't vf co T ROBErBRiRghs TROMLREN H eyt S Bl OIS aaffPe S

(I'nvi trogen) compfsigeobedmsenta®6Heesi LB 36dybouh COMIH/MO., o2 Bkangit, ibdtvwied bt
formul ated with DVEM and 0. 5% agar was used. For these cul tures,

nmononucl ear &&Meanlnendabaptftdae/ml. betvesnobaettRiisonl end alirat PO pg/miy batgsen

cells/m, an E and G CSFK wereradded at a ¢ ntration of abou
700 U Cofte GeRE el SRR e en B &0 KBRS e Bt W
100% humi di t yf #ht vidaihin [30Ahpdund. &Ndiliasthdr Rgbedibletits &h eitdrdie D xhphe s
(clusters of 50 or nore cells) were counted using an inverte

mi croscop@ biPrmpstadigastertreiplutin sqmpgsing fdwegniabout 300 ugppk prshahost 40 em

Ol : . :
ol 15/ i n RERT S0 mar o ety A 0, BrCRRERL PSRl thotech fBour
an unt r eat ed33®pg/mbl andabowt378 pyasl. birissgbedhedodtGA0 A4/nilo tiidshbetwidn aBoit 3350

l'ig/m. of 1,25(CH)2D3, ,gr%lég 3 5 was _incubated for 24 hours with 0.05
1.tg/ mL of 1MPEoicMdxbyita FOPRHS- iherecanbogimanss, rempieseeaboas hele/wilt h

DVEM 10% f et al . i E\gg?g j 25
iig/m of 4- ﬁ&lr@grﬂ %ﬁ%ﬁéﬁ%ﬁ@gequen é/lh,ty@lf %I%lp%ﬁ%% egs\goso e%zB
tw ce aslpreupmistiyande ceonipednd. Galal farthvrreambbdierny badreid [ corsgund &ol | d
agar nmedi um aa'?%ide cri bed above. 10Results of the 4 groups descri bed
are shown i n¥dBI% 1 below. The results confirmthe chemo-protective

Sf fect of 1,25( OHnddder edbBiEmeASOhe PofmRMBh Surthbr dongPRYSarfly@els dndehA4Rd

ethanol and polysorbate 20. In yet another embodiments, the formulation is diluted

1:10 in 0.9% sodium chloride solution prior to administration to the subject.

20
In some embodiments, the vitamin D compound is prepared as a sterile calcitriol
formulation of between about 50 pug/mL and about 400 pg/mL in a vehicle of anhydrous
200 proof (U.S.) undenatured ethanol, USP (96% w/w) and polysorbate 20, USP (4%
w/w), and diluted 1:10 in 0.9% sodium chloride solution (USP) prior to administration to
25  the host.

In certain embodiments, the vitamin D compound is prepared as a sterile
calcitriol formulation at 75 ug/mL or 345 pg/mL, in a vehicle of anhydrous 200 proof
(U.S.) undenatured ethanol, preferably USP grade or better (6% w/w) and polysorbate
20, preferably USP grade or better (4% w/w), and diluted 1:10 in 0.9% sodium chloride

30  solution (USP grade or better) prior to administration to the host.

In accordance with the present disclosure, a vitamin D compound, such as

vitamin D3, or analogs, metabolites, derivatives and/or mimics thereof, may be

administered in conjunction with chemotherapeutic agents, to reduce undesirable side
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Goup 3 Goup 4 Untreated control 1,25(CH)2D3 1,25(0H) 2D3 + 4- HC
4-1-1C 507 486 375 0 O * Results are means of experinents
conducted in quadruplicates; Standard Deviation) 15 Photom crographs
of the nyeloid colonies were al so obtained and are provided in
Figures 1A, 1B and 1C. Figure | A shows a normal nyel oid col ony
derived fronefiests pﬂtbwsalch@nmbdamﬁphmninehhdmoﬂ% rBwtvitafmac sempoyists

can be seen in FI %Hmlms Ted pn%r ) simla ao_(';usP3 dl?l{ pueos%glrit? Itllyegasdgn\(i)l\glgfé‘ation

nyel oi d CO|OnI§S vere ars serve
observed in pf akeserhathaipentic ige&B(o(ﬂrb\aﬂBthpﬂemmdteﬁ’d:tf rom 4- HC-i nduced

toxicity (Figure whi ] e. no col oni es were o served atfes with
4-HC al one. This &@Jﬁﬁ]@t?’%& Bg ] P&?Oﬂfdgsem%@ %{ttﬁeé’%él%ﬁemgtk b B

kg/ mL f or 524 ;hQit nRE@SEGA PadifRrfé Hly@lbag@ms&l@ﬁ %ﬁg@hﬂﬁx 4 thkReaimbilRebs of
t oxi cants such as 4-HC. Varying doses o Wer e applled to

the nyel oi d eb¥ipstentsteyn a@hm@gemtn@ Seel medpds Qﬁl be usadimeymbigatén witel oi d
cells is pr O\!ﬂagr?agd ﬁn%ra'lzpkz Qé!b., § Cthbse c:l:ﬂﬁoﬁ{ha Qfahﬁl&é’yt@-ztlrﬁﬂgtmg factor or G-CSF) to

increase proliferation of myeloid cells and/or improve their mobilization from the bone
marrow, thereby diminishing the dose and administration of colony-stimulating factors
10 (CSFs) as well as the recuperation time following chemotherapy.

The vitamin D compounds of the invention may modulate bone marrow
progenitors and stromal cells prior to the administration of antineoplastic agents. The
methods herein may be used in combination with standard therapy {e.g., those using G-
CSF) to increase proliferation of myeloid cells and/or improve their mobilization from

15  the bone marrow, thereby diminishing the dose and administration of colony-stimulating
factors (CSFs) as well as the recuperation time following chemotherapy.

Another aspect of the invention provides methods to determine the optimal
dosage of the subject vitamin D compounds (such as vitamin D3), including derivatives,
analogs and/or active metabolites thereof, that may be administered to a patient. In

20  certain embodiments, the vitamin D compounds of the invention may be administered to
myeloid cells of a host (sometimes referred to herein, in certain embodiments, as a
patient) to determine an optimal therapeutic dose. Preferably, the optimal therapeutic
dose protects the myeloid cells without eliciting a hypercalcemic effect.

Methods which may be utilized to detect viability of the myeloid cells are known

25  in the art, including (without limitation), manual and automated trypan blue exclusion,
dye exclusion, methods using fluorometric exclusion dyes, immunofluorescent and
direct microscopy, the use of radioactive isotopes and scintillation to determine cellular
function or viability, the use of colony assays such as semi-solid agar colony formation
assays or methylcellulose assays, methods to detect early markers of apoptosis using

30  different substrates, such as caspases, and any other automated or manual method by
which one can determine whether a specific dose of the subject vitamin D compound is

cytotoxic.
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30 At the end of the culture period, colonies (clusters of 50 or more cells) were

counted using an inverted microscope by two independent viewers.
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* Results are means of experiments conducted in quadruplicates; & Standard
Deviation)

15
Photomicrographs of the myeloid colonies were also obtained and are provided

in Figures 1A, 1B and 1C. Figure 1A shows a normal myeloid colony derived from
peripheral blood supplemented with growth factors. As can be seen in Figure 1B, with
1,25(0OH),D3 at the protective dose, myeloid colonies were also observed. In addition,
20  colonies were observed in plates in which 1,25(OH),D3 protected from 4-HC-induced
toxicity (Figure 1C), while no colonies were observed in plates with 4-HC alone. This
demonstrates that 1,25(OH),D3 at a dose of 0.05 pg/mL for 24 hours protects myeloid
progenitors against the effect of toxicants such as 4-HC.
Varying doses of I,ZS(OH)2D3 were applied to the myeloid cells. A graph of the
25  effects of 1,25(0OH),D3 on myeloid celis is provided as Figure 2. The viability of the
myeloid cells was determined by trypan blue exclusion after a 24-hour exposure to
varying doses of 1,25(0OH),D3. For these experiments, 2.5 X 10° cells/mL were
incubated with different doses of 1,25(0H),D3 (0.01 pg/mL, 0.1 pg/mL, 0.5 pg/mL,
0.75 pg/mL, 1 ug/mL, and 10 pg/mL) for 24 hours in RPMI 1640 supplemented with
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10% fetal calf serum. As can be seen in Figure 2, at the optimal protective dose of 0.05

rg/mkl, viability was 90%.

Example 2 High Dose Non-Calcemic Regimen (NCR) of API 31543 (Calcitriol)
for the Treatment of Chemotherapy-Induced Myelosuppression (CIMS)

The objective of this study is to evaluate the potential protective effect against
CIMS of the test article, Compound 31543 (Calcitriol, USP), using an animal model of
multi-course CIMS bearing MIAC51, a rat chloroleukemia cell line developed by gastric
instillation of 20-methylcolanthrene and subsequent injection of the chloroleukemic cells
into rat neonates. The resulting cell line is a malignant myelogenous leukemia with
features of human chloroleukemia (leukemia, leukemic ascites and chloroma formation).

Two separate sterile calcitriol concentrates are used in this study. Specifically,
sterile calcitriol concentrates of 75 ng/mL and 345 pg/mL are prepared in a vehicle of
anhydrous 200 proof undenatured ethanol, USP (96% w/w) and Polysorbate 20, USP
(4% wiw). The concentrates are diluted 1:10 at time of use with Sodium Chloride
(0.9%) Solution for Injection, USP. For example, an aliquot of 1.0 mL of the 75 pg/imL
Calcitriol concentrate mixed with 4.0 mL of Sodium Chloride Solution for Injection will
give a 15 pg/mL calcitriol aliquot solution. Injection of 0.17 mL of the aliquot would
deliver approximately 2.6 ng of calcitriol. A 1.0 mL aliquot of the 345 ng/mlL.
concentrate mixed with 4.0 mL of Sodium Chloride (0.9%) Solution for Injection will
give approximately 69 pg/mL calcitriol aliquot solution. Injection of 0.15 mL of this
aliquot would deliver 10.4 g of calcitriol. The lower concentration is used for the
young rats (21-day old) and the higher calcitriol concentration is used to dose the older
rats (49-day old).

The vehicle control is the vehicle concentrate of sterile anhydrous 200 proof
undenatured ethanol, USP (96%w/w) and Polysorbate 20, USP (4%w/w) diluted with
Sodium Chloride (0.9%) Solution for Injection, USP at an equivalent dilution ratio (1
mL concentrate vehicle + 4 mL isotonic saline). Final dosing concentration is
determined in advance via a preliminary dosing study in the animal model.

Sprague Dawley rats (10-day old rat pups, preferably of natural litters) are used
in this study. In a study conducted by Peter et al., administration of vinblastine to male
Lewis rats led to a sharp decrease in total leukocyte count and absolute neutrophil count

(ANC) (Peter et al., 1998). In addition, Peter et al. have demonstrated that rats are an
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excellent counterpart to the human with respect to granulocyte-colony stimulating factor
(G-CSF). Thus, in rats the onset of neutropenia as judged By the nadir of ANC has been
well characterized. Moreover, the rat model also has the advantage of being responsive
to frequently used myelosuppresive chemotherapies such as cyclophosphamide,
doxorubicin and paclitaxel and combinations thereof (Jimenez and Yunis, 1992). The
neonatal rat model of leukemia, developed by Dr. Jimenez, is the only rat
chloroleukemia mode] in the world and provides an optimal opportunity to
simultaneously test any effect of the test compound on the development of CIM, the
treatment of leukemia, potential interaction with chemotherapeutic agents, and the effect
of the test agent on prevention of CIM.

Rats are kept in litters of 10 up to day 21 of age. On day 21, rats are separated
and housed in pairs with a unique identifier number assigned. For these experiments
there are two tiers:

Stage 1: Pups 14-day old to 32-day old rats. MIACS51 cells are injected on day
15. A first pulse of vehicle or API 31543 is administered on day 21, and 3 different

chemotherapy regimens starting on day 22 and ending on day 24 are then given. The
nadir of total leukocyte count is observed between days 4-6 after administration of
chemotherapy, while it is between days 2 to 7 for NCA (Peter ef al., 1998). Post-
mortem bone marrow cultures and calcium measurements are performed on days 22 and
26. A final blood count and bone marrow culture in a percentage of animals are
performed on day 32. Animals with overt leukemia are sacrificed.

Stage 2: 47- to 60-day old rats, On day 47, rats with advanced leukemia are

sacrificed. On day 48, a second pulse of test article or vehicle is administered. Bone
marrow cultures and plasma calcium level analysis are performed on day 49 to assess
the effect of the test article on the bone marrow. Chemotherapy is started and continued
until day 52. On day 54, a second culture of bone marrow cells and calcium levels are
tested. Finally, animals are sacrificed on day 60 after a complete blood count.

Table 2 outlines the study design:
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40Vehi cl e 40Cal citriol Cycl ophospham de

Doxor ubi cin Paclitaxel 80 total Test article and vehicle are
adm ni stered intravenously, and chenot herapies are injected
i ntraperitoneally.

10

Table 2
Group R apy“MNuﬁbé;BfM
Number  of Pups  (Vehicle or Regimen Pups
per Calcitriol)
Group

60 Vehicle .
I 60 Calcitriol Cyclophosphamide 120 total

. Cyclophosphamide
60 Vehicle YC:Ophosp. .
I . . Doxorubicin 120 total
60 Calcitriol .
Paclitaxel

10 Vehicle

10 Calcitriol Cyclophosphamide 20 total

40 Vehicle Cyclophosp hqnude
11 c Doxorubicin 80 total
40 Calcitriol .
Paclitaxel

B B B B B A A A S AR A A AN AP NI b

Test article and vehicle are administered intravenously, and chemotherapies are
injected intraperitoneally.

The dose of calcitriol used in pulse therapy for myelodysplasia is 45 pg. Using
the Mosteller calculation, for an average person of 5'8”, with an ideal weight of 151 lbs,
body suiface area (BSA) is 1.81 m? (Halls, 2008). Thus, the dose is 25 ug/rﬂ2 for
humans (Whitchouse and Curd, 2007). To calculate BSA, the Meeh-Rubner calculation
Ab = km*” is used. The skin surface area (SSA) can be estimated with almost absolute
precision (r = >0.9) (Spiers and Candas, 1984).

For a 21-day old rat, SSA is 102 cm?, while for a 49-day old rat, SSA is 399 cm?,
Thus, the initial calcitriol pulse dose that is tested is approximately 2.6 g for the 21-day
old rat and approximately 10 g for the 49-day old. A range of doses, for example
between 0.26 pg and 2.6 pg for the 21-day old rat and between 1pg and 10 pg for the 49-
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45 ug. Using the Msteller calculation, for an average person of
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(Wi t ehouse and Curd, 2007). To cal cul ate BSA, the Meeh- Rubner
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exanpl e bet weenm0 26 | K9r @@ﬁo,gn bhelflr@t ah@SechRBeyelesdBheRblefafies &8 Qiven based
between lug and 10 ug-for the 49- day old, 1s tested to determ ne
whet her t hi sodesight i aavdumaciapproxingely d 00 g Lilnitaperionenliyr Takle Sebalew.
The test articl e, and el ¢ Ladm red on the day prior to
chenot herapyplt%%dr?s |le(13 0}4%@&%1%%?5%ﬁédg{s@es?:fé%g’?eéycI e. The test article
will be dosed as indicated above, e.g Tabmt3either 2.6 pg or 10 I.'s,
in the first and secondi cyc ' "‘fieg?inﬁghe gi ven based on
wei ght in a volune of apfif@xinutery o 2| Dok T aPDERERALRAL | Y. Tabl e
3, below, provides the s he ¥ ble 3

Chenot herapy Regi nen DpseSchedule—tyct-opfigspharide %
! ' ‘ﬂbigl E»]Z y

1 day, Cycl ophosphani del0

3 days., Cyclophosphani gel1Qo-. go e bl RES L x 3
days - Cyclophosphamide | 100 mg/kg™ | I'x T day |
: Doxorubicin : 25mgkg {1x3days |
Lo Paclitaxel G 10mg/kg | 1x3days |
10 Animals are monitored daily for lethargy, anorexia or other signs of distress in

response to chemotherapy. All animals showing signs of premature leukemia such as
levkemic ascites are summarily sacrificed and recorded.
To inject MIACS51 cells, fifteen days old rats are manually restrained, and their
right legs are gently pulled. The area to be injected is cleaned with an alcohol swab.
15 Then 1 x 10° MIAC51 cells are injected intraperitoneally.
To administer test and control article in the first calcitriol pulse, each litter of rats
are administered either vehicle or test article intravenously through the tail vein in a
volume of 100-200 pl.
To administer test and control article in the second calcitriol pulse, survivors that
20  have been demonstrated to be cancer-free according to the hematological analysis are
anesthetized with a ketamine/xylazine cocktail (50 mg/kg and 5 mg/kg, respectively) on
day 48, and the test compound or control article is injected intravenously through the tail
vein for a second time.
To administer the first chemotherapy course in the 22-day old rats, which receive
25  either a chemotherapy regime, chemotherapy regime and test article, or chemotherapy
regime and vehicle (e.g., as described in Table 3 above), an average weight of each litter
is obtained and used to prepare a suitable concentration of chemotherapy.

Chemotherapies are then injected intraperitoneally in a volume of approximately 100 pL
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25  weight of the rats. Chemotherapies are transferred into individual 29 ga. 1/2 cec syringes

(Becton Dickinson and Company) under sterile conditions.

MIACS] cells are cultured in a 5% CO; incubator with 100% humidity at 37 °C
as previously described (Jimenez and Yunis, 1987, incoporated by reference). Cells are
grown in non-tissue culture-treated flasks (Falcon) in RPMI 1640 medium (Gibco

30 Invitrogen, Carlsbad, CA) supplemented with L-glutamine and 10% fetal bovine serum
(Gibco Invitrogen, Carlsbad, CA). Prior to the injection of cells into the animals, they
are grown to 50% confluency and collected in conical tubes. Cells are then centrifuged

at 600 g for 10 minutes at room temperature, and resuspended at a concentration 1 x 10°
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The tubes containing the chenotherapies in powder are tightly capped
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pol ypr opyl enéalf%%%a)‘ {11280 gfsglm Tyé%g?so'%gers%ellﬁ? ?og‘rsﬁiglogf' et oposi de and

pacl i taxel can beTohaf thaiGdloytErainiescttie BPboiRmAgE S prioferitostant MIACS 1
water after they are filtered in pol ypropyl ene tubes according to the
aver age 25we F%}h“’t bose myEov chlls arehiinsdife P‘&ﬁioé‘élyéif?@f‘??‘hﬂg?"éﬁ anfl Yy

i ndi vi duak 29988. anlt/afe #8shsY Wit IGSmRRISMEMD CisNaOePREpHABPRYY )

under sterile conditions. M AC51 cells are cultured in a 5%

i ncubat or wi £ePRceROAEOR@#l ok 10y/mds angdfayeregoonpr @ giiadignt for eragipgasied ferFlmenez

non- 1 ssue ciiurRoRe: e FBLEL) BAFRGrhe pRBub iy S dhlint ket

30 I nvi t r ogenspit@adlasd sdshe@ly) sesupfilee DMIEMdwitintes ] Fahlly, arei eusapadich0 %

fetal bovine serum (@ bgo lnvitrogen, Carl d .. Prior. 1o .

i nj ection of CXUANS;LY gé‘étcﬁ]is? ilmgngléq mgﬁs'{f?’%ﬂ?g “%@%O@O%Qﬁ%%?
and col | @gt ederlui, &fIthédhtet ibBSue &EtuksSplakefdr NHBUEE ThE hbgREraat cdhld@red
for 10 m nutes at roomtenperature, and resuspended at a

concent r at i oASPirased ppd trapsferiRpNp serga0ligpgai SHUre @12 bovi ne serum The
cel | suspension i ?ob&%&ek&ﬂﬂ?&lﬁ%@%&&urﬁ%o&%@ﬂﬁ MERis rebbistififted iA%idtdeD
syringes under sterile conditions. To assay the Col ony-Form ng
Activity of bdhwe grade waiepioogreneantrioraeid X4 Age(086h)lis the added and thew
cells are obtaj r eW . d (] i . YIH3LS,

1988y, and arnciidn B5h N SYRtatiCtaRg ished AL FU IAGT R o
to a cond&nt natlivanis eboldd to IT0E and cadedtidl ayeiceatidsntidctamiphahiive beerf depleted
centrifugatign.for 40..m nutes at. 400 he pellet faund between the
medi um and gﬁgmge £ DPINg RreRess gFedhen %‘\}‘g%sﬁ?erség%ﬁlﬁl&e‘%é@ﬂ% 4 ﬂls?&“ﬁ’&
free DVEM t Wantoini@s-welfl daterd, filleh gk wel WE Mansh O ltGR HraieWaig td avoid Bbther
cells/m is prepared in DVEM suppl emented with 10% fetal bovine

10serum and®YHReHaR-e! i R NsHeoeMrploars pdieddolRying mapyfreurer e
non- adner ent pffebdie, ah HRMBhE Aaftthy A0 dsHARRII MK BITie 3Reli By 24RFu

culture plates. ~ To prepare sem -So agar nedium powdered MEM
is recong®it pipeding i eidesta@veidbubhles. §idetdesmae equnted Tadayplateent r at i on of

2 X. Agar (0.3% degd .an - %t u ' ' '

agar is fully di sggP%/eg%@(s %glr Igoﬁlﬁg"%n&daq tﬁﬁl?s&%s’ ﬁ%@%?fﬁ?fh‘%‘?g%}é%{’e%%‘ ﬂért?l%s
cool ed t o 37ditambi{E%eratticadcidim ettmnaldod3) miniueds, failghed braabaolheeatthanol, 30%
depl et ed duri he haili rqocess,. are then added. The sem-solid
o um 1 s« nERRCrE SRR SEe R R ekl dngStistad By Bhplefape
With tissue euhdfatfed RERIRINALER i kO kel dnf tshgled SMARAAY I A At this
point, G _or GWCSF are added follow ng manufacturer's procedure, and

t he boneZfrar PeRAtEBYIN. (PG OTITOrH appPrEDYsly dpicsibeg dimpge andyYunis 1aPdn

20pi petting in or ggtofdcORathi MR LEIysiCoBR 5 RS LS 6RMRALRShut BBYS
| at er. To prepare sem-sol i1 d agar stained slides, plates after

7 days are fpwebswE clhenzotlefiranyt stepting bne3dip pive td he gulselof qalatrinbandlending 180
rinut s, o gD ARSEL e IR0 20 SRS SRR
transferred omnlq. ahd tiinedn Bylenédwith gl dschobbwateandpdnatiad nedg witetile 29
Harri s’ umga. Syringe, and 50 puL blood is obtained to make a blood smear. For blood counts, a
small volume of blood is obtained and used to count cells in a blood counter. The
presence of myeloid cells and MIACS1 in peripheral blood smears are evaluated by

routine stain of slides using Wright’s stain.
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25 hematoxylin. Colonies are scored as previously described (Jinenez
and Yunis, 1988). To conduct hematol ogi cal anal ysis, bl ood
snears are done throughout both courses of chenotherapy, starting one
day prior to the pulse of calcitriol and ending 10 days | ater.

Animal s are anesthetized using a cocktail of ketam ne 50

nmy/ kg/ xyl azi ne 5 Qi 22TRG 49=int 59dilepd feom B aameds wicollected balcewirol swab
and punctured _ using terile 29 30 q-Syrihnge, and. 5 L blo i
obtalned 1o RIS AR Sl hnRet fe SR Y A AR an B0 e R leEE: 7
bl ood i s obt anifmath wedifoubetk har®o tilturaeld shekthetizet) habeksarpuitfaed.pribhe
presence of eloid cells and MAC51 in peripheral blood snears are
eval uat ed by °PBiHHSEE RngimATERY-g | des using Wight's stain. On days
22, 26, 49 and 537, bh1RR6fefioPMbanmanidi, SininSal£ At kLGh8dnda £AsHrBEd above.
puncture. All blood sanples are collected in a vial for analysis of
cal ci um | evelUsing ajsize ZRiseriped, AMJBESIPH S TRsIEEN taiRgnpat UEL. 3pd thegniscles are cut.
anest heti zedyand .£% LN iar . LaLng: .

STo col | eot - Fnbr e ol leionPls REndR il Bk B et SnipOf SRLH Wn
descri bed abbgreurslds thep sepsiated iRt theiaqets psiaga staglebooncutisr. niBotk ends df e

i ngui nal area, and the cles.are cut. i ng.sterile farceps, the
bone. 1 debr PSR ALY Tl alipbit it B € elek nfhh ) G5BHo phiur o
are then1gepRPyMIad46 supplenitaiet with 1005 Fatsl Bgir Sehah treudhanefeaiit t Te bone

Bot h ends of the bone are cut, and a 5 nL syringe equ:i)h;jped with an 18
gauge need| e’SMAIREPRATGWV SYPEnsien BN enpaed by gradisie FRIEHUSHOR 1B8, Fet al

Bovi ne Seru _rrhis%ngﬂhotvh.eAh@maasth@itp%@iuhﬁH&kﬂmom[&apmmaﬁmﬁ)h%
is then enriched by gradient centrifugation using histopaque 1077.

After 2 washebtaigpd hTorpgke bgneanarfossipasito Mg chepgrsierels fixpd epa slhdes gpng 8
obt ai ned. To %53 geﬁg £ ' ' I o

slides usi ngca c?@%&sﬁﬁgéﬁ? hanecsjﬂgﬂ{ahw.kﬁ%%ﬁga gtgr%ljlglﬁacg%]ﬁﬁg © ?Js}tﬂ?e
cal cul atiifig Biutandeuntofnige hediumiveasi. 5Tl pragenomofirayeiaid calfs ahdh dIAEHI umbone

wash. The presence of nyel ojd |1 s and M ACB1l in _bone narrow snears
oo eval uat elngveBgEs A il B g sel ditde g i s

Both the test artBethehagstwaidle asvdlng tetihidieitdelfsed tsted. eEdch st .colmagh
group consi stgas of .60 animals, which is statistically significant for
this study. A 903pa whigh is sfafpacailagepificrt fpris sudkell @Rigal e injosted

days of age. w20 ViR RShhMURd 84 PPERIDENE. regi mes are used for this
study, including 3 chenotherapy redi mens: cycl ophosphani de,

cycl ophos$har ni deThgmmost axigrashpre¢ssive segimed dre nsed d9ichis shdsphelndioe 3
doxor ubi cin i bax . : ' : S
are: chenoth g‘%&b"?‘%@ A g‘%&ﬁlg H%?&%IR%{OE%&EE&C\? gﬁ‘p&éﬁlg w}@%dr]?&{] %g rgggéﬂérmt st
article (a teothhs ofcldpB0sphainivel doxpearbiainengiahbaagy Allegoups nceiveMIAGHal

nunber of an'h:gral s 25 used are: 3 lcorrb'}]nat [on Che%?tlhe%arﬁﬁt r _egi mens X
180 ani mal s ="SHFGUPHYE, CHOMONCIABTGRE &'H A POvET YBY'D.8° 4egPLt b
with an absohuitR (dididl@rf @BC gnighls HEPeheFBHRAUPHBE SmEH! THE EHE niBYHedSE animals
needed. Rem ssion rate_w th cycl gphospham de is at | east
used are: 3 combination chemotherapy regimens x 180 animals = 540 rats.
To obtain a power of 0.8 and o = 0.05 with an absolute difference of 20%, 36
animals per group may be needed. Remission rate with cyclophosphamide is at least
20%. According to power analysis, the minimum sample size to achieve statistical
significance is 36 animals. Therefore, 4 more animals are added to each group to
30  account for model attrition rate of 10%.
The analysis of the joint effect of the chemotherapies and the protective

compound is performed using a two-way analysis of variance, with specific attention to

the interaction between the compounds, chemotherapy and development of CIMS. A
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20% According to power analysis, the mninum sanple size to achieve
statistical significance is 36 animals. Therefore, 4 nore animals are
added to each group to 30account for nodel attrition rate of 10%

The anal ysis of the joint effect of the chenotherapies and the
protective conmpound is perforned using a two-way anal ysis of

vari ance, W signisipwiiritbltactamtieditzitmitﬂlgr styhe 'Vnt antzggonisorbebetonakntwioh dhe
conpounds, che ant
nteract s on MOTET sarief R IV L POTRE! Bk apbtisoheb b Ml FR e
The anal ysis tleres)paﬁslea e botdethd eotRsbuby irBthp prekeriok SEatSARP AL tifedivtitdraiyhe
di fferences between_the responses to the protective conmpound. in the
presence or SH5EHRe FH’F“&H@WPIP{B‘F“& gl legkenpia Eﬁé@ﬁ‘ipé‘edlﬁ?ﬁ‘i‘é Iﬂfe;ﬁs‘@@v%ﬁ{%ﬁe nt

of leukensa pRraoBAT&EH M%bé}ﬂ?élﬁ&ls':dréﬁlgé’é at%l;ﬁéamoﬁpr obability Test.
Al'l conparisons are made at a . Exanpl e 3: Hi gh Dose

Non- Cal cem ¢ Regl men of Cal C|tr|ol for the Treatrrent of

Chenot her apy
Mul ti - Chem)t er agfee% %%éms %g‘e(?a I%%gl fl(::)@(‘)l l}(f@[ﬁ%hg ]sg?ténefb%r
the first cyﬂhenmfheezxmel‘ndmeﬂ Myem&im'gssﬁdxd Asngiyﬁ\?sililgthedﬂalmer e
injected with,MA ay 2 re ra into 3
groups for e @ﬁm(?%my%?%ﬁé ?&Iﬁpﬁ]éﬁ“?gﬁm '@lﬂﬂ‘ﬁ ﬁﬁgel ved
vehicle apd G oupFdrkhé BHLENROILIERpIEING®, ¢5-iY O Lofg Pubieatd 08 i@fected with
vehicle or calcitriol was given ?our days prior to chermt her ap %ﬁ

f8Y 3

adni ni st rat i ¥HAGEL o (slay Zbrﬂie 13fs e éﬂ“éa@ﬁeg apas gtgs &y capkychomo

groups that i epE I JIRASI
cycl ophospha}n?%drg&f(:i%gbgﬁ h %}bﬁ?f[gé;%ﬂg%o%slgﬁam dg%g?(}%g%i%rlggf@m n (0100

nmg/ kg, 25 nyplge deseopeahidly et apjcitsinbwey g vapiousddya piieldo chimraherspyxi n and
pacl it axel / pec l o g on
day 20 throué%&?%% 1 (? Flg%arlﬁgn%lwgécy 8}I§é!e ﬂ%?e? O&Bérag\é?ﬁ%%]i;ﬁg&%%lmﬁgd by
puncturi bf t l'maﬂvasi ihe\ﬂﬁidwm\g n‘:}h:na)t}’ﬁapgmtge oimens:rgdopittspleandde (fA0mgive), e

el Y e o inids e Ao R RES ok AR et S Re b

adm ni strati Bitlé;ﬂﬁ%ﬁidnﬁdeoﬂﬂx%ﬁaﬂc:ﬂ-ﬁﬂh PHeRaxélq 1 R0k Mk QVGEe/ke,
chenot herapy was adm ni st ered, ANC val ues dro?ped si_gni fT cant

y
bet ween daysTeSBecknely) Atariag emdain2( throvieh df-complee ARPIPGYtercaynis were then
bel ow. 25Tablgtshmbl 88 HIRALiHZRH Hﬁ@eﬂaﬁ'tﬁ a PNCaugk SRIE whAL GhitdalQhere

20  manually restrained.
As shown in Figures 3(a) to 3(c), baseline absolute neutrophil counts (ANC)
prior to chemotherapy administration ranged from 3621 £154 mm” to 3000 £254 mm”.
Once chemotherapy was administered, ANC values dropped significantly between days
24 and 27, as shown in Figures 4-6 and in Table 4, below.

25 Table 4
Nadir ANC ) .
Treatment Regimen without caleitriol Na.dn.' ANC with
treatment calcitriol treatment
Cyclophosphamide 245 £ 25 fmm’ 2154 + 147 /mm’
Cyclophospha.m.lde and 200 4 25 /mm’ 2365 = 143 /s
doxorubicin
Cyclophosphamide,
doxorubicin and 180  38/mm’ 2365 + 125 /mm’
paclitaxel

-42 -



treatment Nadir ANC with calcitriol treatnment Cycl ophospham de 245

25 /mms 2154 147 /s Cycl ophospham de and doxorubicin 200 25 /nms
2365 145 /mrs Cycl ophospham de, doxorubicin and paclitaxel 180

38/ MmB 2365 125 /nms These results denonstrate that

adm nistration of calcitriol significantly decreases the nadir ANC
upon admi ni st r at i dhesofesalty denimneisate hehastrhipisaigionrod gl significantlyBisaesases
marrow cul tu r erfor on. 2 .32, 0. day 32, a
conpl ete Ieu&%ﬁlﬁﬁg Ag%(gﬁonma}éﬁsﬁ %%t# 18?%%(%11 %ﬁeeacﬁn?mgﬁlglﬁﬁ Iéecénrll%gt hose who
wer e positive forBbndhAEHi culelres wae perforard on Boyse2025 4rah@2c uDh die32, a

supported the ANC data, as illustrated,in Figures 4-6. For the . .
cy(F:) Ipophos phaff'd eﬁf’g‘ait“ﬁfeﬁ? C‘E‘%’i‘é“’éﬁﬂ?f%‘lm%ﬂ‘ a&]ﬁ%?%“ fsthess whe wiF gptitbe for

for the gfoUMINEGEwedGchNEOBIAS RRABKAQItRRSspBhitdd the ANTEI2ED LOMstrated
count was 5 1 colonies, and for the group receiving cycl ophospham de

and cal ci t ri 81 Figuee4GolFonthe cytipphoiphansde regingeg) Haresrol M g 2 wa)8S ¢
day 25, cont E&Bni\é&lf&etﬁe %ﬁﬁre%@iv%g%%lgﬁﬂﬁﬁhanﬁde and vehicle, the colony count was 5
%1 colonies, and for the group receiving cyclophosphamide and calcitriol, the colony
count was 56 =17 colonies (Figure 4a). On day 25, control values were 76 £9 colonies,
10 while cyclophosphamide and vehicle-treated rat bone marrow cultures were 1244
colonies. Administration of calcitriol resulted in a significant increase in colony counts,
to 80 =15 colonies (Figure 5a). Similar results can be observed with the other two
chemotherapy regimens (Figures 4(b), 4(c), 5(b) and 5(c)).
For the second cycle of chemotherapy, survivors were re-randomized and were
15  treated with the same regimens. Neutrophil counts were measured by puncturing the tail
vein as described abvoe. The second pulse of calcitriol was administered on day 48, and
chemotherapy was started at the doses mentioned above. On day 52, rats were
randomized into 3 groups for each chemotherapy regimen. Within each chemotherapy
regimen, Group I received vehicle only, Group Il received 20 pg calcitriol.
20 On days 32 to 60, baseline ANC prior to chemotherapy administration ranged
from 3330 +135 mm® to 3005 +142 mm® . As observed in the first cycle described
above, upon administration of chemotherapy during the second cycle, ANC values

dropped significantly between days 36 and 39, as illustrated in Figure 7 and Table 5,

below.
25 Table 5

) _Nadir ANC Nadir ANC with

Treatment Regimen without calcitriol . e

treatment calcitriol treatment
Cyclophosphamide 236 + 32 /mm’ 2451 + 235 /mm’
Cyclophosphamide and 27 + 8 /mm° 2417 + 136 /mm’
doxorubicin
Cyclophosphamide,
doxorubicin and 240 + 6/mm’ 2364 + 136 /mm°
paclitaxel




10 whil e cycl ophospham de and vehicle-treated rat bone marrow
cultures were 124 colonies. Admnistration of calcitriol resulted in
a significant increase in colony counts, to 80 15 colonies (Figure
5a). Simlar results can be observed with the other two chenot herapy
regi mens (Figures 4(b), 4(c), 5(b) and 5(c)). For the second cycle of
chenot her apy, sur ‘Fhese[auhmdemdnamaﬂﬂoadnziﬁidu ot aﬁ/eaﬂeitﬂsﬁtsi’gaﬁtcemﬂwmﬂacts

t he sane regi nens. 0 unts were sur uncturing the
tail vein as 28t F}F ﬂs’ ducfﬁée‘g’é)é’ﬁ‘?'}ﬂl ‘ﬂf@’éﬁcﬁ en&%ﬁé%‘gwlie&m%s
adm ni stered on dBMn&ﬁanW@ulﬁh@JW&@ﬁéMe%ﬁ defsapt sTad 601 (@8t dRSABin
nenti oned above. On da rats were random zed into 3 RBTOU s for

each chenot h&sapss 8 Eoi ﬁfagwrt HierpopaBrrre N eRIRRTRPYaddhs AR dags- dins the
recei ved yehi, 41&11%55%@19&&&3115@%@0 \{lﬁedcoﬁgolgvga GRlGistebiofles, t?f@Qaupays

32 to 60, basel ine ror to c rapyamnlstratlon ranged
from 3330 13530mvﬁlgtcgc13piﬂfspha¢ﬁd¢rwm veAlanths evlomticaunt wied.§ ikt selonipsand for

descri bed ab ve on adm n on, of enpt dur
second cycl e, S‘felﬁ‘é}gﬂ oY g‘ﬂ% QP&%E’P?S%&W@% atggg%gfand
39, as ill ust:ﬁlafued ORd& F)eentrol anldesTadt €8 526 bsibaivs, uaﬁaafﬂlq;kﬁsphmmde-

Treatment Regi nen Nadir ANC wi.thout calcitrjo] tr nment. Nagdir . AN
with cal citrbghted %B?Wﬂ%@ﬂ@&-f&%ﬁ&ﬁﬁéé%ﬁ@s §mifﬁﬁ§m?ae Cal"%%’?

18 Cyclgphosphanh dgiRntataxaealintédlony counts, with 86 £25 colonies. Similar results
were observed with the other two chemotherapy regimens.

Calcium levels were also measured on days 22, 25, 32, 49, 52 and 60 and the
results are summarized in Table 6. In the case of cyclophosphamide, control calcium
levels ranged from 10.05 + day 22, 10 £0.5 on day 25 and 10.5 #0.3 on day 32. In rats

15  receiving cyclophosphamide, a single pulse of calcitriol did not induce hypercalcemia.

Similar results observed with the other two chemotherapeutic regimens.



27 + 8 /mmB 2417 136 1mB Cycl ophospham de, doxorubicin and
paclitaxel 240 6/ mMmB 2364 136 1mB These results denonstrate
that adm nistration of calcitriol significantly protects against
chenot her apy-i nduced neutropenia in all three chenotherapy reginens
Bone marrow cultures were performed on days 49, 52 and 60 (data shown
In Figures 8-10). Once again, the bone marrow cul tures supported the
ANC data. For the 5 cycl ophospham de r%%hﬁﬁf’ at day 40, the control
was 90 15 col onies, the group receiving cycl ophosphani de and vehicl e
t he col ony
cycl ophosph
day 52, con
treated rat [bone nan-ow clyil q@re
of calcitriol 19restP¥8l {nos b
with 86 25 ¢ol @i esCheniom fanire

ni stratf on

S _were
i

el7 2.5 cql onnes., Adm
07081 ¢arf HAcrlease i|n!1&8rtdny? Ebnk s,

ults \ere sqrved wWith tHe otherftwo
chenot her apy rg@iHEHSﬁde +0Ga §Pdﬁ¥%ev3PS'%eré1§%§o s éuréhﬂgﬁ days

22, 25, 32, 49,252 and 60]Jand fhe resylts are [sumarfi zed ijn Tabl g 6.
In the case|of &yc Ehospt gide, contfol calcijumlevels ranged frjopm
10. 05 day 22, 900|5"8¥ d 3 %5 anp+19 . 51006 B.01] 1dap 4329 0.5 |r A5%0.3

15r ecei vi ng| cyd® ophG&PFRA 82 h singl & pulse df calditriol| did nok
i nduce hypefcalcema. Sinjlar fesults|observeq with |the otlher two

chenot herapguti ¢ regl rensy 108 | 11.2 08423 | 902 11202 | 10204

s 0.2 | +0.36
=
5 |yhemor [ 102 ogs0s | mass | 20| 20 | 115204
S L — L i
&g
2%
o, © Chemo + 10 10.2
o
g calcitriol | +0.5 10£0.5 904 0.3 112041 1003
[&]
Control +})13 9502 | 10406 |11202|1005]| 11204
Chemo + | 10.5

Vehicle +0.4 102403 | 114402 1004 | 9403 | 9.5+0.3

Chemo + | 10.8 11.2

calcitriol | +0.2 40.36 10 0.2 902 (11+02| 1004

Cyclophosphamide +
doxorubicin + paclitaxel
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St at es of Aneri ca, menez, et al

(1984). "Further S¥Mdehch: édpbm%a aém(i9%)\/.F\I;Bht’rl&rf@em&rsuppm'ﬂng an in vivo
col ony- sti mukat rd}gofoﬁyis%u1au@<ﬁddﬁt’ BSb Blemdt 1301 1). 838243. 1t wll be
appreci ated that various of the above-di scl osed and other features
and 5 functions, or alternatives thereof, nmay be desirably conbi ned
i nto many other d JeofioE Dl S AL R OlioPB) hE Mch OO toh A Peurdhna
vi ew of the |nven ion cribed ereln, various a ern

nodi f i cat bon$ynctiausi, at dlenstioss thafrpafomeyrhmtlaumldy cemblhecbmtd mami,erﬂhamdhfﬁsient
may be subsequent | ement ed t hose s |IIed he_art. Such.

Y ernat | vos it ¢ ERPERE. 15 edlen draew ot ol treg iR Heept htious
i ntended to Eﬁerﬁm@m&ﬁfaﬁnm Vaiutibmd 61QM1‘pft@er3a@@:L amr&phmww&clh&d may be
CLAI MED 1 S: . A method of preventi q %

chenot her apyﬁ‘il?*iﬁfl}{%@ly imRleenigshebeseskilied Uhth§ G'Bj Sech ahemagvesy watidaatigng:h
a chemot her apgiofi; HRRFoveHER ofiliGREndBlRb 85 LRBABISLBy me FRRAL ST NT
adm nistering to the subject an effective anount of a vitamn
conpound16r alaphsr maceutical ly acceptable salt, prodrug or solvate
thereof. 2. The nethod of claim1l1, wherein the vitam n D compound is

of Formula (1): R6 (1) 10 wherein a and b are each independently a
single or doubl e bond
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Xis -CH2 when a is a double bond, or X is hydrogen or a hydroxyl
substituted al kyl when a is a single bond; Rl is hydrogen,
hydr oxyl , al koxy, tri-alkyl silyl or a substituted or unsubstituted
15al kyl, independently substituted with one to three hal ogen,
hydroxyl cyano or -NR R' npieties; R2 is hydrogen, hydroxyl,
-0-trial kyl WHISGLAIMEILE i tuted or unsubstituted al kyl, al koxyl
or al kenyl, independently substituted with one to three haI ogen,
hydroxyl, cyano or -NR R' npieties; 2012.3 is absent when b is a
doubl e bond dr 123 m@hwdrmg@nﬁnmdcwwb chemathippy-indncdd2nB:le@npprision in
together with the carb e, a

li nked to forml?:i em %eate Weaf 5@%‘%},\&1161@3}1 Plﬁé %gﬁlch "fc@c%% %ﬁ%}gflgplﬁ%f'?&
R4 is hyds Oge&nplhlﬂxhg)zgﬂlﬂnﬁfcuhg(dﬁhe(ydbject an effecnve arfunit 8f £itaRilh Ddv@ipoand 6r
a doubl e bond r leis Bydroq%{ agtal ogen or hydroxyl 25when a is a
si ngl e bond; ? pglceautlgg} AL ERAs Yy PIORTEI98 89LY4TE BE'eQ ky | , al kenyl

al kynyl, cycl oal kyl, heterocyclicyl, allcyl-0-allcyl, aI kyl - 0Q2al kyl
|ndependently substituted with one to fi ve, hydroxyl, oxo, hal ogen,
al koxyl , aryR; hefhs pathpd of dgigmb whetein e yitamig® Fompryind g efFormulg (1)

R7 is a substituted or unsubstituted al kyl ;i ndependently substituted
with one to three hydroxyl, hal ogen, al kox\N..rRfaryl, heteroaryl,
cyano, nitro or -NR R' noieties; and, and R' are each,

i ndependent |y, hydrogen, hydroxyl, hal -C1"7 alkyl or - C1,7

al I coxyl such that said CIMis preventeg-or reduced. 5 3. The net hod
of claim1, wherein the vitamn D cggrpd Ml is represented by Formul a
(I'1): wherein

R
10 wherein

a and b are each independently a single or double bond

X is -CH; when a is a double bond, or X is hydrogen or a hydroxyl substituted
alkyl when a is a single bond;

R' is hydrogen, hydroxyl, alkoxy, tri-alkyl silyl or a substituted or unsubstituted

15  alkyl, independently substituted with one to three halogen, hydroxyl, cyano or -NR’R”
moieties;

R? is hydrogen, hydroxyl, -O-trialky] silyl, or a substituted or unsubstituted alkyl,
alkoxyl or alkenyl, independently substituted with one to three halogen, hydroxyl, cyano
or -NR’R” moieties;

20 R? is absent when b is a double bond or R® is hydrogen, hydroxyl or alkyl, or R
and R' together with the carbon atoms to which they are attached may be linked to form
5-7 membered carbocyclic ring when b is a single bond,;
R* is hydrogen, halogen or hydroxyl;
R’ is absent when a is a double bond or R’ is hydrogen, halogen or hydroxyl
25 whena is a single bond,

R is a substituted or unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclicyl, alkyl-O-alkyl, alkyl-CO;-alkyl independently substituted with one to
five, hydroxyl, oxo, halogen, alkoxyl, aryl, heteroaryl, cyano, nitro or -NR’R” moieties;
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10c is a single or double bond; Ria is hydrogen, tri-alkyl silyl
or a substituted or unsubstituted al kyl, independently substituted
with one to three hal ogen, hydroxyl, cyano or -NR R' noieties; 121

i s hydrogen, hydroxyl, -0O-trialkyl silyl, or a substituted or
unsubsti t ut ed 15a|k |, al koxyl or alkenyl |ndependently substituted

with one to threeRhHl ao%‘éﬁlmt e R yhstituiaatiey] idepqqrertly sybitisttedwith one to
R3a, Rda areyg RioSerd. i o] RetP@Rdi ¢ g(ﬂ BroSACHR R
|ndependently ﬁ§§ﬁ%3§ﬂ% ﬁ d%o rﬂ'ﬁg{ogen%g g&yﬁ OQE'ﬁ%u g??fﬁ?ead
or unsubstituted Rf kydRT mdepmnmémewemlwb@dmggndwdwxwh halngen, e it7rulleg or -

v oy or gl RGR TR ShL S MIED oy B ggiond 2070, % s

hydroxyl 5hal ogen, aIIcoxyI or a substituted or unsubstituted al | cyl

|ndependentl sub e t.h one to three hydrox hal ogen

noi eti es, organy %Sﬁé laigg7 Ly “&ﬁt?“ﬁ%ﬁ VH‘EW“H%“PW%HP@& IStISPrFEﬁnFﬁdaPYS 7
menber ed carp&gﬁgéug ring. 25 4. The nmethod of claim1, wherein said
vitam n D conpound conprises 1,25- dihydroxyvitam n D3;

1, 25-di hydr oxy- 16- ene- 23-yne-chol ecal ci ferol ; i@ﬂﬁaglhydroxy-
16-ene-yne-cho|ecalciferol; | a- hydroxyvi tarnin R

| &, 24- di hydroxyvitam n D3, MC 903, or conbi %
met hod of claim11l, wherein said vitamn D Go
Stopically or systemcally. 6. The netho
chenot herapy i nvol ves the use of a cel
chenot herapeutic agent. 10 7. The netho aiml, wherein the
chenot herapy i nvol ves the use of a nons eglflc cell cycle
chenot herapeutic agent. 8. The nethod of~claim 1, wherein the
chenot herapeutic agent is a cell cycle

s thereof. 5. The
ounB is adnlnlstered

Rlﬁo\\'

R2a an
wherein
10 c is a single or double bond;

R™ is hydrogen, tri-alkyl silyl or a substituted or unsubstituted alkyl,
independently substituted with one to three halogen, hydroxyl, cyano or -NR’R”
moieties;

R* is hydrogen, hydroxyl, -O-trialkyl silyl, or a substituted or unsubstituted

15  alkyl, alkoxyl or alkenyl, independently substituted with one to three halogen, hydroxyl,
cyano or -NR’R” moieties;

R*, R* are absent when c is a double bond, or are each independently hydrogen,
hydroxyl, halogen, alkoxyl or a substituted or unsubstituted alkyl independently
substituted with one to three hydroxyl or halogen moieties when c is a single bond

20 R®, R*™, R™ R®, R™ and R*are each, independently, hydrogen, hydroxyl,
halogen, alkoxyl or a substituted or unsubstituted alkyl independently substituted with
one to three hydroxyl or halogen moieties, or any two of R®, R™ and R®* may be linked

to form a 3-7 membered carbocyclic ring.

25 4. The method of claim 1, wherein said vitamin D compound comprises 1,25-

dihydroxyvitamin D3; 1,25-dihydroxy-16-ene-23-yne-cholecalciferol; 1,25-dihydroxy-
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specific agent in conbination with a nonspecific cell cycle agent. 15
9. The nethod of claim1l1l, wherein said vitamn D conpound is

adm nistered prior to the adm nistration of said chenotherapeutic
agent . 10. The method of claiml, wherein said vitamn D
conmpound i s co-adm nistered 20 with said chenot herapeutic agent. 11.
The net hod ofl 6€neiyns-gholegalsieiok loHhydeaxtyyitasniniDS; doRardhaidroxy tizamin g, MC

met hod of cl @} i vitam n D conpound is co-adm ni stered
25w th an adgpgk%ﬁ% @é@%@“&%&? counteracts chenot herapy-i nduced

anem a. 13. The nethod of claim 12, wherein the agent is a growth

factor. 14. .The pgethod of .cl.ai 3, .wherein said growth factor is
G CSF or EPOY 30 %f.“e‘df‘ﬂg"fwéi“ﬁbg]‘%]ﬂeéfr ! li*‘;mlwﬂ)e‘% HOUPHES 2gmindsteiRd D
conpound §s t&pidMl af edtepscallyst eril e sol ution conprising between about

50 kg/ mL and about 400 lig/nL of the vitam n D conpound. 16.The
met hod of claim 15, wherein the fornulation further conprises

anhydr ous ungenat : : r / t f
e e e B R o A
chl ori de sol agydlospepificwhemothadpiuticegenat i on to the subject. 18. The

met hod of claim15, wherein the fornulation conprises about 75 Rg/nL
vitam n D conpound. 10

10 7. The methed of claim 1, wherein the chemotherapy involves the use of a

nonspecific cell cycle chemotherapeutic agent.

8. The method of claim 1, wherein the chemotherapeutic agent is a cell cycle-
specific agent in combination with a nonspecific cell cycle agent.

15
9. The method of claim 1, wherein said vitamin D compound is administered prior

to the administration of said chemotherapeutic agent.

10.  The method of claim 1, wherein said vitamin D compound is co-administered

20 with said chemotherapeutic agent.
11.  The method of claim 1, wherein the subject is a mammal.

12.  The method of claim 1, wherein the vitamin D compound is co-administered

25  with an additional agent that counteracts chemotherapy-induced anemia.
13.  The method of claim 12, wherein the agent is a growth factor.

14.  The method of claim 13, wherein said growth factor is G-CSF or EPO.

30
15.  The method of claim 1, wherein the vitamin D compound is formulated as a
sterile solution comprising between about 50 pg/mi. and about 400 pg/mL of the

vitamin D compound.
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19. The method of claim 15, wherein the fornulation conprises about
345 p.g/nL vitam n D conpound. 20. The nethod of claim 15,
wherein the vitamn D conpound is calcitriol. 15 21. A nmethod to
determ ne an optimal therapeutic dose of a vitamin D compound,

conpri sing adm nistering to a subject a series of test anounts
of the vitamn D conpound or a pharmaceutically acceptable salt

t hereof, and;20de LA ] R ]
e Y G
nyel osuppr esundenwjutdda@titanel andipblysgrbate B)per cal cem ¢ ef fect, wherein the
vitamn D conpound is represented by Fornmula (1): R7 R6 wherein 25a
and b are each independently a single or double bond Xis -CH
vvlhEnI aWihsS a doubl ’(EhéDﬁ).BtFlod gfclz'ini 55, Whdifetrodhe fMuﬁatigxydrc@mseH hlSlaﬂIﬁKJi.Sf%l&ﬁﬁhm
al ky en ajs.asingle bond;. .. . Rl is hydrogen, hydroxyl,

al koxy, tri- aHﬂRw?e %qlqtgﬂ“ PEPr to admiiustration &ythe Fulieubst i t ut ed al kyl |

i ndependently substituted with one to three hal ogen, hydroxyl, cyano
or -NR R' noieties; R2 is hydrogen, hydroxyl, -0-trial kyl
silyl, or a d$8bst Thamediodpl elnsubs miheriedie driyplafiobedrpicps atwut 33 kgml |
independentl¥ﬁﬁﬁg g&%gﬁgdmﬁth one to three hal ogen, hydroxyl, cyano
or -NR R' noieties; P R3 is absent when b is a double bond or R3
i s hydrogen, hydroxyl or alkyl, or R3 and Rl together with the carbon
atons to which they are attached may be |inked to form5-7 nenbered
carbocyclic #ng cthod of gaigy by mdewirgie forprlatips corpiiissyehiput f kgah

or hydroxyl; i -I)Eg?é absent when a is a double bond or RS is
hydr ogen, han%%% or (ﬁpoxyl when a is a single bond,

20. The method of claim 15, wherein the vitamin D compound is calcitriol.

15
2]. A method to determine an optimal therapeutic dose of a vitamin ID compound,
comprising

administering to a subject a series of test amounts of the vitamin D compound or

a pharmaceutically acceptable salt thereof, and

20 determining the minimal dose required to protect the myeloid cells of the subject
from chemotherapy-induced myelosuppresion without eliciting a hypercalcemic effect,

wherein the vitamin D compound is represented by Formula (1):

4y
wherein
25 a and b are each independently a single or double bond
X is -CH; when a is a double bond, or X is hydrogen or a hydroxyl substituted

alkyl when a is a single bond;
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R6 is a substituted or unsubstituted al kyl, al kenyl, al kynyl,

cycl oal kyl, heterocyclicyl, alkyl-0-alkyl, alkyl-0O2-alkyl

i ndependently substituted with one to 15five, hydroxyl, oxo, hal ogen,
al koxyl, aryl, heteroaryl, cyano, nitro or -NR R' noieties; R7
is a substituted g unsubstituted al kyl | nde[pendent I \é substituted
with one to threeRhipdasogen. hadiosyeplkory, RERNML silyh 9n 2 sufiteted gy ynsubstituted

cyano, nitro,ag 1S Rdeit) ®bbifted ¥t ono BRE o8l ByEaR, ' -NR'R”
independentl;%hiﬁ(%geﬁmhydroxil, hglnogoen, -Cfi? a?ykyfﬁocryagcl)ﬁloxﬁ )
20 22. A nenmwgdtiesf reducing the risk of or preventing a

nyel osuppr essi on- in I in j ect bej t 1
chenot her apeutic gg%ﬁ@&g’ﬁ%’%%fgg@és@ rt%%tlalﬁgs%ﬁbérléls%b%%ft%%ﬁ%nﬁg?s%&& azi‘kyl’
adm ni st efi nglkbryltohelksnyj iaddpendendf fwictituted vaittnamtto direechalo deafiydrdRyl, cyano
conmpound or a.q{lﬁﬁmceut ically acceptable salt, prodrug or solvate

t her eof 25sulh’ TSy el osuppr essi on-i nduced di sorder is

prevented of the RPglab@nt iHed ®BURIIUBE Do ol RITY &GttosinS BYd#6Xyl b alkyl, or R®
reduced. 23. The nethod of claim 22, wherein said ]
nyel osuppr es$fbR- fogefherawtiihe salen atps 7, whigh thep peesipdisdimagedimked to form

infection. 3Q4 %énb&e%‘%?%i?ﬁng&gﬁe\ﬁ%gia@glog%h@ti on of neutrophils

in a subject being treate a chenot hefapeuti c agent conpri sing,
admi ni st @fi ng to Rhis hydivicewhalwgerediftodtaxye amount of a vitamin D

compound of 2 PherTReRR SRLLY AR AL RS bR b B T
prevented.  when ais a single bond;
R® is a substituted or unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclicyl, alkyl-O-alkyl, alkyl-CO,-alkyl independently substituted with one to
15  five, hydroxyl, oxo, halogen, alkoxyl, aryl, heteroaryl, cyano, nitro or -NR’R” moieties;
R is a substituted or unsubstituted alkyl independently substituted with one to
three hydroxyl, halogen, alkoxyl, aryl, heteroaryl, cyano, nitro or -NR’R” moieties; and,
R’ and R” are each, independently, hydrogen, hydroxyl, halogen, -C;_y alkyl or -C, 7
alkoxyl .
20
22. A method of reducing the risk of or preventing a myelosuppression-induced
disorder in a subject being treated with a chemotherapeutic agent that induces
myelosuppression,comprising administering to the subject an effective amount of a
vitamin D compound or a pharmaceutically acceptable salt, prodrug or solvate thereof

25  such that said myelosuppression-induced disorder is prevented of the risk of

myelosuppression-induced disorder 1s reduced.

23.  The method of claim 22, wherein said myelosuppression-induced disorder is
myelosuppression-induced infection.

30
24. A methods of preventing depletion of neutrophils in a subject being treated with

a chemotherapeutic agent comprising, administering to the subject an effective amount
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of a vitamin D compound or a pharmaceutically acceptable salt, prodrug or solvate

thereof, such that the depletion of neutorphils in said subject is prevented.

-53-



